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Convert and Conserve... through recovery 
of valuable hot gases. Zurn waste heat energy 
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economical BTU's of steam energy. 
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temperature, can further reduce energy costs by 
an additional 5% or more. 
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Clarage fans 
move the air for 
industria 


A lot of packaged and field- 
erected industrial steam 
generating systems rely on 
Clarage fans for efficient 
combustion. Forced draft and 
induced draft must be kept 
constantly in tune with the 
energy or heating demand of 
the system. 


Shown above are two Clarage 
forced draft airfoil fans for a pair 
of packaged boilers supplying 


steam at a major chemical plant. 


c — УКН үчү" 


For all types of punishing 
service involving air control, air 
pollution control, high 
temperatures and hostile 
environments, Clarage has the 
fans and the experience. 


Clarage can make unbiased fan 
recommendations because it 
offers so many types and styles, 
with inlet volumes ranging from 
150 to 1,000,000 CFM, and 
static pressures to 100" water 
gage. Light, medium and heavy- 
duty. Standard or custom. All 
designs proved in service. 


CIRCLE 4 ON READER SERVICE CARD 


i power plants 


When you need fans for your 
power plant ... or anywhere in 
your plant, try Clarage. We'll 
help you select the best fan for 
your application. 


We like fan mail. So write today 
for your free copy of our General 
Bulletin. Clarage Fan Co., One 
Clarage Place, Kalamazoo, MI 
49001. Or phone: 616/349-1541. 


CLARAGE' 


A ZURN COMPANY 
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In our heavy-duty 
oil spring feeder 


the drive is the difference 


It's rugged and reliable, plus offering the following: 


FEATURES AND BENEFITS Larger custom-design hopper For information on material 
: opening—prevents bridging handling with vibration technol- 
solid Torp re ONE ow рге less headroom ogy, маа your Carrier герге- 
electric : Standard NEMA foot mounted  sentative, or call our engineering 
Specified explosion-proof motor with standard drive specialists. Rexnord Inc., Vibrat- 
Belli ime safe components for easy replace- ing Equipment Division, Louisville, 
Operation : ment—lower maintenance cost Ky. 40213 Phone: (502) 969- 
Longer stroke design— Low installation costs—You 3171. 


compensates for varying head- ave 


loads and materials = R rd 
Heavy-duty steel coil natural е = ле = ехп О 
frequency spring system— | 111 | ll | | 
provides longer life 
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IF EFFICIENT ENERGY CONSERVATION AND COST SAVINGS 
ARE IMPORTANT TO YOUR PLANT OPERATION— 
YOU'RE PROBABLY USING ARMSTRONG STEAM TRAPS. 


Today, more and more companies are relying 
on Armstrong steam traps to save energy and 
money. So should you. 


That's because today, more than ever, 
Armstrong steam traps make good economic 
sense. They save energy and money. And can 
quickly pay for themselves. 


Armstrong steam traps are of the highest 
quality. They're dependable. And long- 
lasting. 


Armstrong offers you a full line of quality 
steam traps. Inverted bucket. Thermostatic. 
Float and thermostatic. And automatic differ- 
ential condensate controller. There's one 
that's precisely designed for any trapping ap- 
plication you might have. 

Contact your local Armstrong Representative 
for a no-obligation survey of your steam sys- 
tem today. And begin saving energy and 
money. Like so many other companies. 


y 


Armstrong 


812 Maple Street, Three Rivers, Michigan 49093, U.S.A. 
Telephone: 616-273-1415 • Telex: 0224445 ARMTRAP/THRV 
Europe: ARMSTRONG MACHINE WORKS S.A. • 4400 HERSTAL « BELGIUM 


Inverted Bucket Traps—The most energy- 

efficient steam traps you can buy. 

1. Cast Iron Traps—for general service at 
pressures to 250 psig/450°F. 

2. All-Stainless Steel Traps—sealed, tamper- 
proof stainless steel bodies that resist 
freeze-up damage. For pressures to 450 
psig at 800°F-. 

3. Forged Steel Traps—for high pressure/ 
high temperature services (including 
superheated steam) to 2,500 psig/1050?F. 

Thermostatic Traps 

For pressures to 300 psig and capacities to 

15,900 Ibs./hr. 

Float and Thermostatic Traps 

1. Cast Iron Traps—for pressures from 0 to 
250 psig and capacities to 208,000 lbs./hr. 

2. Cast Steel Traps—for pressures from 0 to 
450 psig and capacities to 280,000 lbs./hr. 

Automatic Differential Condensate Controllers 

For use when condensate must be lifted or 

syphon drained. For pressures to 250 psig 

and capacities to 55,500 Ibs./hr. 


\ 


Your business depends on energy, our business depends on conserving it. 
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Turn on Black & Veatch 
for cost-saving solutions 


After 65 years in power engineering, 
Black & Veatch understands the complex 
energy needs faced by industry, utilities, 
and local government today. 


We design cost-effective facilities that 
increase plant efficiency, conserve fuel, 
meet environmental standards, and are in 
the forefront of alternative energy develop- 
ment. Our energy experience includes: 


Coal-Fired Boiler Plants 

Process Plant Offsites 

Fuel Handling and Management 
Mechanical and Electrical Systems Design 
Energy Management Studies 

Energy Conservation Studies 

Solar Energy Research and Development 


CIRCLE 8 ON READER SERVICE CARD 


We've been looking into power prob- 
lems since 1915. That's why we know we 
can do your job right, on schedule, and 
within budget. For our new brochure and 
more information on how we can help solve 
your problem, write or call: 


James L. Ross, Black & Veatch 
1500 Meadow Lake Parkway 
Kansas City, Missouri 64114 
Telephone: (913) 967-2000 


E, Black & Veatch 


Consulting Engineers 


Boston, Dallas, Denver, Detroit, Dunedin, 
Orlando, San Francisco, St. Louis, Washington 
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OVERVIEW 


Efficiency and productivity: 
What they mean to the engineer 


There is little disputing the elements ingrained in the 
ever-increasing importance of equipment and system 
efficiency. Moving apart from sophomoric terms, the 
engineer looks to minimizing losses that string through- 
out the broad area of energy systems. 

As you study each section in this Guidebook, note the 
variety of approaches used by energy-systems engineers 
to attain ever-greater values of system efficiency. The 
most straightforward and classical example, for many, is 
the energy-audit procedure at Elliott Co, which may well 
serve others who are trying to maximize the return on 
their investment in raw fuel and electrical consumption. 
Efficiency, too, is the keynote in Rust Engineering Co's 
account of its modeling methods for planning new steam 
and cogeneration systems. Efficiency comes to the front 
as modeling eliminates the need for some detailed draw- 
ings while facilitating maintenance plans and pinpoint- 
ing likely trouble spots before plant construction gets 
under way. 

And if you weigh the thinking of four leaders in the 
field — Levi Leathers of Dow Chemical USA, Ed Holden 
of General Foods Corp, Frank Feeley of Olin Corp's 
Chemicals Group, and Gerry Gambs of Ford, Bacon & 
Davis Inc— you will note the efficiency thrust running 
throughout their comments. They look at problems 
facing industry today and discuss likely solutions, with 
efficiency at the forefront. 
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Productivity is, by classical definition, effectiveness in 
using labor and equipment. We find the economist 
staying close to units produced as a function of labor 
input. I look upon productivity in a slightly different 
light, and I believe my analysis is shared by many 
practicing engineers today. In brief, productivity is the 
amalgamation of quantity and quality. 

It means little indeed to the corporate energy-systems 
engineer that the manufacturer is turning out power 
equipment for his project at a suitable rate, if the quality 
falls below the standards he demands. It means little, in 
the long run, that quality equipment is delivered on site 
and on time, and installed on schedule, if the factors of 
quality that will regulate equipment life are downgraded 
by sloppy installation practice. | 

Yes, quality has generally been assumed when we 
speak of productivity. Yet, in real life, it may fall short 
anywhere from equipment manufacture, to equipment 
installation, to initial testing, to operation, to mainte- 
nance and repair. 

In my judgment, productivity spans the life of equip- 
ment, and should never be relegated to the simple aspect 
of counting units being formed as a function of the labor 
and equipment being used. I propose that you keep these 
thoughts on efficiency and productivity in the forefront 
as you adapt the host of ideas contained in the 1980 
Energy Systems Guidebook. James J O'Connor 


Designing tomorrow's powerhouse 


Its builders still have to resolve such familiar, hardnosed questions as: 
How much does it cost, what's the return on investment, will the 
government let us do it? Here are some options (and constraints) to consider 


By Thomas T Dingo, General Motors Corp 


At General Motors Corp, engineers are 
quite concerned about the subject of 
future steam-generating plants. In many 
cases, the company's ability to install 
and operate powerhouses can affect 
expansion plans, new plant locations, and 
even process modifications. Moreover, 
since the normal life of a boiler is 30 
years, what GM installs today will be 
operating for many years in the 
future—so today's plans have to be 
enduring. 

This article discusses several recent 
developments that should be considered 
when designing new boiler plants. Some 
of the developments are being incorpo- 
rated into GM's powerhouses currently 
on the drawing boards; others are being 
studied closely for possible incorporation 
in future plants. The primary focus is on 
the developing technology for boilers, 
control systems, auxiliary equipment, 
and alternate fuels. 


Factors affecting future designs 


Before discussing the technical aspects 
of new plant design, let's pause to look at 
some of the factors that are exerting 
pressure on future designs. In the old 
days, the job of designing a power plant 
was comparatively simple. The designer: 

= Determined the process and/or 
space-heating requirement of the addi- 
tion or new plant. 

= Identified the cheapest and most 
reliable fuel for his boiler. 

= Selected the transport media— 
steam, hot water, or thermal liquids. 

= Selected combustion equipment. 

= Added the auxiliaries to run the 
boiler and, to be a good neighbor, select- 
ed a simple particulate control system. 

Today, however, this procedure has 
been altered drastically. Unfortunately, 
many of the specific decisions either 
have been made for industry, or have 
been biased significantly by government 
controls and mandates. No longer can 
decisions be based on what is the most 
economical and reliable way to generate 
steam. Rather, they are based on how 
industry must comply with the rules in 
^ the Powerplant & Industrial Fuel Use 
Act and New Source Performance Stan- 
dards (NSPS) for boilers. 
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The Fuel Use Act was enacted Nov 9, 
1978. Generally, it prohibits the use of 
petroleum or natural gas in new facilities 
and provides DOE with authority to 
issue orders prohibiting existing facilities 
from using petroleum and natural gas. 
DOE, however, can issue exemptions to 
cover physical, economic, environmental, 
and legal factors that preclude com- 
pliance with the prohibitions. The quite 
substantial burden-of-proof of demon- 
strating that an exemption is warranted 
rests on the fuel user. 

One of GM’s greatest concerns in the 
implementation of this act is the time 
and effort that must be expended to 
apply for an exemption to comply with 
its provisions — particularly for those 
facilities that will be built where it is 
impossible to comply with environmental 
laws and still burn coal. The procedure 
in the Fuel Use Act may result in up to a 
two-year delay in the period between the 
planning of a facility, the granting of its 
environmental permit (or denial of 
such), and the final granting (or denial) 
of an exemption. Even if DOE grants an 
exemption, it may contain harsh condi- 
tions. 

Another concern with the Fuel Use 
Act is the procedure to justify an exemp- 
tion because of economics. As proposed, 
the act will allow permanent exemptions 
if a petitioner demonstrates that the cost 
of using coal, or an approved alternative 
fuel, will *substantially exceed" the cost 
of using imported petroleum for at least 
the first ten years of operation. In DOE’s 
interim final regulations, "substantially 
exceeds" means that the ratio of the cost 
of using coal to the cost of using oil must 
be 1.3 or greater. 

At first glance, a cost index of 1.3 
appears reasonable with an equal proba- 
bility of some units both qualifying for 
and being denied exemptions. Closer 
analysis shows, however, that exemptions 
at the 1.3 ratio may be hard to obtain. 
The general cost test in the act defines 
cost as the sum of the annual outlays for 
capital, operation and maintenance, and 
delivered fuels, discounted to the present. 
When performing the cost test for a 
250,000-Ib/hr steam plant where the 
capital required for coal firing is four 


times that for oil firing and the operation 
and maintenance costs of the coal plant 
are three times that of oil (an unlikely 
situation), surprisingly the test only gives 
a ratio of about 1.5. Thus, it appears that 
virtually all new boiler plants will be 
coal-fired. 

If coal usage is to increase, the indus- 
trial user is faced with another problem: 
How does he burn coal and comply with 
existing environmental laws? Currently, 
the only answer is through the invest- 
ment of significant capital and added 
operating costs. To compound the prob- 
lem further, new environmental laws, 
which promise to be even tougher, are in 
development. 

NSPS for industrial boilers are also in 
the development stage and will be 
proposed in 1980. Industry has been told 
what the range of emission levels will be. 
For particulates, it will be necessary to 
hold emissions between 0.03 and 0.25 
Ib/million Btu. For SO, between 0.2 and 
1.2 ]b/million Btu (with possibly some 
percentage removal of sulfur from the 
coal); for NOx, between 0.5 and 0.7 
lb/million Btu. It is hoped that the 
proposed standards will be fair, take into 
account the true environmental impact 
of the typical industrial powerhouse, and 
will not legislate out promising new tech- 
nology. Compliance choices are already 
few in number. 


Emerging technology 


The Fuel Use Act and NSPS will have 
a significant impact on the engineering 
and design of future industrial power- 
houses. Future designs will have to 
consider these technologies that have just 
been developed or are emerging. 

Fluidized-bed combustion technology is 
well established for incinerators and 
catalyst regeneration processes (Fig 1). 
Only in recent years, however, has inter- 
est grown in fluidized-bed combustors 
for steam generation, primarily because 
of public concern over gaseous emissions 
from stacks, and problems arising from 
the relative cost and availability of fuels 
currently being used. 

Recall that a fluidized bed is a mass of 
granular solids held in turbulent suspen- 
sion by an upward current of air. The 


1980 Energy Systems Guidebook 


mixture of air and solids exhibits the 
properties of a fluid. Theoretical advan- 
tages include: 

= Emissions from fluidized bed boilers 
may meet New Source Performance 
Standards for SO, and NO, without the 
need for auxiliary controls. Sulfur oxides 
are removed in the combustion zone by 
limestone, which makes up a large 
proportion of the bed material. NO, 
emissions are inherently low because of 
the relatively low combustion tempera- 
tures. 

m Fluidized-bed boilers may have the 
versatility of using a wide variety of 
fuels, including such low-quality fuels as 
high-ash coals, and they have multifuel 
capability, being able to accommodate 
solid, liquid, or gaseous fuels. 

= Fluidized-bed boilers should have 
lower capital costs than conventional 
boilers because of lower heat-transfer- 
surface requirements and no require- 
ments for auxiliary gaseous-emission 
control systems. 

The lack of widespread commercial 
sales by manufacturers is the result of 
several unresolved questions about fluid- 
ized-bed boilers, including economics 
(capital and operating costs), combus- 
tion efficiency, turndown and response, 
emission levels, coal feed, and reliability 
of the related mechanical system. It is 
hoped that demonstration projects 
planned by DOE will answer some of 
these questions and lead the way to the 
commercialization of this attractive coal- 
burning method. 

Until these questions are resolved and 
the fluidized-bed boiler is priced to give 
some economic incentive, however, its 
widespread use in industrial powerhouses 
for the near future is doubtful. Thus, it 
appears that combustors for at least the 
near term will continue to be the proven 
pulverized-coal and spreader-stoker boil- 
ers. 

Controls use microprocessors. Al- 
though GM will continue to use conven- 
tional boilers, one of the major changes 
company engineers intend to incorporate 
into their plants is automatic feedback 
control of air/fuel ratios. Such controls 
are becoming more popular because of 
the continuing increase in the cost of 
fuels and because tighter excess air 
control can lower NO, emissions. The 
trend is toward electronics and computer 
technology. 

Many control manufacturers can sup- 
ply automatic feedback, air/fuel ratio 
controllers. Most GM boilers have low 
utilization factors, however, because 
their steam is used basically for space 
heating and air tempering. Thus, the 
proposed automated control system can- 
not be so sophisticated and hardware 
intensive that the company realizes no 
payback for incorporating the additional 
equipment. Also, new boilers will be 


1980 Energy Systems Guidebook 


Fluidized 
bed 


Crushed 
limestone 


Crushed 
coal 


Air distribution 
plate 


Air t 


1. The fluidized-bed boiler has particular 
application in controlling stack emissions 
from coal-fired units 


2. Baghouses are becoming increasingly 
attrractive as a device for meeting 
particulate emmission limits, especially 
when low-sulfur coal is burned 


coal-fired, with the majority being 
spreader stokers. Because of the nature 
of stoker firing on a moving grate, there- 
fore, oxygen cannot be the only control 
parameter. 

Unfortunately, not too many suppliers 
understand GM's needs. To overcome 
this, the company started its own devel- 
opment program on boiler controls about 
two years ago—a program aimed at both 
new and existing boilers. The objective 
was to minimize the amount of excess air 
in the boilers without disrupting the 
combustion process. Theoretically, by 
reducing the excess air from 100 to 70%, 
275 less heat is lost through the stack. If 
the decreased stack gas temperature 
(due to the longer contact time across 
gas-heat-transfer surfaces) is also taken 
into account, the heat loss is reduced 
potentially by 4%. In simple terms, the 
less air, the less fuel required to heat it. 

System details. In conventional sys- 
tems, the deviation of the steam pressure 
signal from setpoint regulates the flow of 
fuel and air. The ratio of these two flows 
varies as a function of the steam load. 
Also, in full-metering systems, fuel and 
air flow is measured to check the ratio. 
The proper ratio is established and set by 
the control manufacturer, with enough 
safety built in to avoid smoking during 
rapid load changes. In other, more 
sophisticated systems, oxygen analysis of 
the exhaust gas is used to provide tight- 
er, more direct control. In stoker-fired 
boilers, however, engineers are not sure 
this is enough. 

Engineers go one step further in the 
system GM has been developing. Feed- 


back signals from the stack, which indi- 
cate the true quality of combustion, are 
included. These signals are generated by 
an in-stack oxygen analyzer and a 
smoke-density meter. One signal indi- 
cates the amount of air used for combus- 
tion and the other the completeness of 
combustion. The opacity signal keeps 
lowering the air/fuel ratio until the 
signal from the oxygen analyzer limits it, 
or opacity reaches a maximum setpoint. 
By doing this, the system automatically 
finds and maintains the lowest possible 
air/fuel ratio without opacity violations 
for a wide range of operation. 

The heart of the system is a small 
microprocessor that takes the flue-gas 
signals, interprets them, and feeds a 
control signal to the induced-draft and 
forced-draft fans and the coal feeder to 
set the proper ratio. Thus, the boiler is 
operated objectively at maximum effi- 
ciency without smoking. 

For the past two years, a prototype has 
been undergoing extensive testing to 
determine equipment reliability and effi- 
ciency improvements. Comparative test- 
ing, conducted by switching back and 
forth between the existing control board 
and the microprocessor every 8-hr shift, 
has shown a 446 boost in efficiency with 
the feedback system. The sequence was 
randomly spaced to avoid error from 
uncontrolled variables such as operator 
actions, load, coal quality, etc. 

One of the main reasons GM decided 
on a microprocessor to do the controlling 
Is that engineers believe this new tech- 
nology offers the most flexibility at the 
lowest cost — around $6000 per unit. The 
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whole control package — instrumentation 
and installation— costs about $25,000. 
With a typical boiler using 10,000 tons 
of coal annually, the payback from a 496 
improvement in efficiency is two years. 

Emission-control systems. The area in 
which the most visual and prominent 
change for future powerhouses will occur 
is in back-end emission-control systems 
for particulates, SO», and NO,. Remem- 
ber that existing and developing federal 
and local emissions codes will force the 
industrial coal user to apply sophisti- 
cated equipment in many cases. 

For particulates, it appears that com- 
panies can no longer rely on the multiple 
cyclone mechanical collector to meet the 
law. Instead they will turn to electrostat- 
ic precipitators and baghouses. 

Precipitators have seen service for 
years on pulverized-coal-fired units be- 
cause they are effective in removing 
minute flyash particles. They are espe- 


cially suited for large boilers; however, 


capital costs in size ranges below 50,000 
cfm are high. One of the major draw- 
backs to using them are their sensitivity 
to dust resistivity, especially for low- 
sulfur coals. Although hot-gas precipita- 
tors may alleviate the sulfur problem, 
such units have large space requirements 
and lead to high first costs. 

Because of these problems, GM 15 
looking to baghouses to meet the 
required particulate emission limits (Fig 
2). Compared to other devices, a 
baghouse may be classified as a relative- 
ly constant emission device. That is, as 
the inlet grain loading, particle-size 
distribution, temperatures, flows, etc, 
vary, the outlet loadings remain about 
the same. Thus, baghouses will allow 
reinjections of collected fines back into 
the boiler without opacity or emission 
violations. 

A concern with baghouses, however, is 
their sensitivity to extreme fluctuations 
in gas temperature. Blinding of the bags 
can occur unless the unit is operated at 
temperatures above the acid dewpoint. 
Unfortunately, such operations can lead 
to corrosion of the metal surfaces and 


12 


3. Combustion of solid 
waste is feasible in indus- 
trial applications large 
enough to justify the capi- 
tal investment 


greatly shorten bag life. At the other 
extreme, high temperatures must also be 
avoided. A glass fiber, Teflon-treated 
bag has a maximum operating tempera- 
ture of 550F; a bypass duct should be 
installed to avoid overheating. 

For SO, control, several approaches 
are available. Because GM relies on rela- 
tively small boilers to produce steam — 
that is, compared to electric utilities — 
and because of the company's minimal 
contribution to the SO, ambient levels, 
engineers think that the burning of low- 
sulfur coal (less than 1% sulfur) is the 
most logical approach. The hope is that 
EPA realizes this and will not formulate 
the New Source Performance Standards 
for industrial boilers to require a percent 
reduction in SO,. If such a reduction is 
required, GM and others will have to use 
some form of flue-gas desulfurization 
(FGD). 

Currently, the most common method 
of FGD is wet absorption into an alkal- 
ine solution. GM has several systems 
using sodium salts already in operation. 
Experience in operating these systems 
shows that they do an excellent job of 
removing sulfur, but are expensive to run 
and maintain. Because of the mist 
carryover characteristics from scrubbers, 
however, engineers doubt they could 
meet the projected particulate and sulfur 
limits at the same time. Thus, for future 
plants, a dry scrubber (such as a spray 
dryer absorber) may be the most attrac- 
tive method of control. 

This type of FGD has several inherent 
advantages over wet systems. The dry 
scrubber/absorber should have lower 


Waste-fuel 
air-swept 
spout 


Grate drive 


Traveling grate 


capital costs and draft losses, require less 
plan area for installation, consume less 
water, and provide reliable, low-mainte- 
nance operation. If there are any short- 
comings to the system, they may be 
higher operating costs and lower removal 
efficiencies. 

Pilot operations that have been con- 
ducted report SO; removal efficiencies 
from 78 to 85% at 1.3 alkaline to lime 
stoichiometry. Anything greater than 
85% removal would require too high a 
consumption of lime or caustic to be 
economical. Also, depending on where 
the new NSPS levels are set, 85% remov- 
al efficiency may not be enough for 
high-sulfur coals. Generally, the technol- 
ogy appears technically and economical- 
ly feasible for coal with less than 2% 
sulfur content. 

For nitrogen oxides, the control 
scheme will depend greatly on the NSPS 
levels and the type of boiler selected. 
Some auxiliary control methods, such as 
wet scrubbing or catalytic reduction, are 
being pursued but it is doubtful whether 
such approaches could operate reliably 
or economically on coal-fired units. The 
most probable and logical alternative is 
tight air/fuel ratio control. 

Because of their design and combus- 
tion characteristics, spreader-stoker boil- 
ers do not produce significant amounts 
of NO,. In effect, a stoker boiler has a 
degree of staged combustion built into it 
via its over- and under-fire air system. 
Further NO, reduction could be 
achieved by using the same automatic 
feedback control of the air/fuel ratio to 
help improve efficiency. 
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On pulverized-coal-fired boilers, the 
approach will differ only slightly. Again, 
tight control of the air/fuel ratio will be 
practiced, but at each individual burner. 
Also, the air/fuel ratio of the burner will 
be varied (rich or lean) to give the effect 
of staged combustion. This approach is 
working well on utility boilers and should 
prove practical for industrial applica- 
tions, too. 

Alternative fuels. As mentioned, the 
Fuel Use Act prohibits the use of natural 
gas and petroleum in new industrial boil- 
ers above 100-million Btu input and 
provides certain exemptions for the use 
of alternative fuels. Many of the alterna- 
tive fuels recognized for exemption are 
still in the technical and economical 
demonstration phases. Several have the 
potential, under some extreme circum- 
stances, to be part of a future power- 
house. 

One of those fuels is a coal/oil mixture 
(COM), which is a mixture (by weight) 
of 50% pulverized coal in No. 6 fuel oil. 
On a heating-value basis, coal replaces 
about 35% of the oil. Also, a stabilizing 
agent, additive, or some other prepara- 
tion, may be included depending on 
handling and time for using the fuel. 

In the past couple of years, several 
demonstrations of COM have been 
initiated; GM completed one in 1977. In 
that test, over 300,000 gal of COM were 
burned during a 750-hr period in a 
120,000-Ib/hr boiler designed for oil and 
gas. Our results showed that COM gave 
the same flame characteristics as No. 6 
fuel oil, that no slagging or ash problems 
occurred in the boiler, that boiler effi- 
ciency was not affected, and that emis- 
sions should be able to be controlled with 
commercially available equipment. 

The use of coal/oil mixtures in future 
facilities may be justifiable in special 
situations. One of the main advantages 
of COM is that it can be handled and 
received in the same manner as No. 6 
fuel oil. Thus, it is well suited for sites 
with serious space limitations where a 
coal-handling facility could not be built, 
or where no coal distribution infrastruc- 
ture exists. 

The major deterrents to its use by 
industrial-boiler operators may be eco- 
nomics and availability. Because of the 
size and utilization factor of typical 
industrial powerhouses, most potential 
users of COM could not justify the cost 
of installing a COM preparation plant. 
In most cases, the industrial user must be 
able to purchase COM from a central 
preparation plant. Currently, prospective 
producers are proceeding cautiously and 
are waiting for a market to develop. 

Another fuel alternative that would be 
exempt from the prohibitions of the Fuel 
Use Act is solvent-refined coal in liquid 
form— so-called SRC II. SRC П is 
produced by an advanced coal-liquefac- 
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tion process in which raw coal is mixed 
with a product slurry and hydrocracked 
to liquid and gaseous products. The 
dissolved coal, unconverted to distillate 
and lighter products, is sent to a gasifier 
along with the undissolved mineral resi- 
due to produce hydrogen for the process. 
The primary product from the process is 
a distillate oil that is very similar in 
physical properties to a No. 2 fuel oil, 
but has the heating value of a No. 4 oil 
(see table). 

SRC II has several attractive charac- 
teristics. The oil can be transported in 
pipelines and stored in tanks like petro- 
leum distillates without extra heating or 
recirculation. With 90 to 95% removal of 
the sulfur and virtually all the ash, this 
fuel, with proper combustion control, 
meets existing and proposed emission 
standards. 

DOE and the Electric Power Research 
Institute have funded much of the 
research for this fuel. A 1-ton/day pilot 
plant has been operated for several years 
by a subsidiary of Gulf Oil Corp. 
Recently, 4500 bbl of SRC II were test 
fired at a Consolidated Edison Co of NY 
plant with very favorable operating and 
emission results. 

For industrial-size boilers, the poten- 
tial large difference in capital, operating, 
and maintenance costs between (1) a 
solid-fuel-fired, field-erected boiler with 
emission controls and a typical low utili- 
zation factor and (2) a shop-fabricated 
liquid-fuel-fired facility, provides strong 
economic incentives to considering SRC 
fuel oil rather than converting to coal. 


Future philosophies 


Industries must lean to assess how 
future steam generation can fit into their 
total operations at the least cost. For 
some, the approach could be solid-waste 
combustion. For others, it may be heat 
recovery of waste energy. For a few, it 
may be a decision not to install anything 
new purely because of economics. 

Solid-waste combustion. The burning 
of combustible municipal waste in utility 
central stations is becoming more com- 
mon. Systems similar to these are feasi- 
ble for industrial applications large 
enough to justify a sizable capital invest- 
ment. This approach is attractive in light 
of the increasingly more restrictive regu- 
lations and the growing cost of solid- 
waste disposal. GM is currently operat- 
ing such a facility, using industrial plant 
waste. 

The facility uses multifuel-fired boil- 
ers equipped with spreader stokers for 
coal and air-swept spouts for solid waste 
(Fig 3). Equipment includes a building 
as large as the powerhouse for receiving 
and preparing the waste, a 1400-hp hori- 
zontal shaft hammermill for shredding, 
and a 600-ton live-bottom bin for storing 
the fuel. The system is designed to burn 


55.000 tons of solid waste annually, 
replacing roughly 33,000 tons of coal 
and yielding about a 3-yr payback. As 
older boilers at GM are replaced, the 
ability to use multiple fuels, including 
solid wastes, will be a design considera- 
tion. 

For the majority of industry, such 
large installations cannot be justified 
economically. An approach for smaller 
plants may be incineration coupled with 
a heat-recovery boiler. Advantages of 
incineration as a first step are smaller 
capital investment and the capability for 
using unprepared waste, such as card- 
board, wood, and pallets. 

Waste energy to generate steam. Not 
all segments of industry will be able to 
justify solid-waste combustion because 
of insufficient volume, site limitations, or 
excessive cost, but some segments may 
be able to use waste exhaust gases to 
generate steam. Many industrial plants 
give out gases that have fuel value 
and/or pose an environmental control 
problem. Coupling steam generation 
with the control of these emissions may 
provide a viable, economic alternative to 
a new direct-fired, fossil fuel boiler. 
Examples of processes where this scheme 
may be attractive are at the exhaust of a 
cupola, solvent incinerator, or high- 
temperature heat-treating furnace. 

Currently, application such as these 
cannot be justified economically. In the 
light of future emission regulations, 
however, and the rising cost of installing 
a coal-fired powerhouse, steam genera- 
tion using waste heat will become more 
attractive. 

Wrapping it up. The powerhouse of 
the future will be deeply affected by 
emerging energy and environmental reg- 
ulations, and will include new equipment 
and technology, alternative fuels, and 
new operating concepts. How tomor- 
row's industrial powerhouse is regarded, 
however, depends on one's viewpoint. 

A corporate accountant will see it as a 
massive capital expenditure with the 
ever-present potential for disrupting his 
profit picture. The environmentalist will 
see it as a clean and long overdue exam- 
ple of what industry can do when it is 
forced to comply with environmental 
regulations. The energy supply expert 
will see it as a classic case of using our 
most abundant natural resource — coal — 
in a direct and orderly fashion. The 
design engineer will see it as a bristling 
but welcome challenge for showing off 
the latest technology in a tight energy 
economy. The plant engineer will see it 
as a possible maintenance headache, and 
probably overlook the noteworthy tech- 
nical advances. Finally, the oldtime 
powerhouse chief may view the power- 
house of the future as the “tail wagging 
the dog" and start counting the days 
until his retirement. m 
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1. General layout of 
industrial power plant 
blocks out key elements 


Bark-boiler 
x scrubber 


Common į 
stack 


North 


2. Small-scale site model permits plant overview. Note that the location of th 


generation complex is in the center of the plant 


Modeling for industrial power 


Long established as a vital design tool in process and manufacturing, 
modeling now shows signs of becoming a design trend for industrial plants 


By Clark A Mason, Rust Engineering CO 


The use of scale models as design and 
construction tools in the refinery and 
process industries has become highly 
developed in this country during the last 
quarter century. Today, most design 
contractors serving these industries pro- 
vide modeling services. 

Rust Engineering Co was one of the 
early design and construction contractors 
to apply scale modeling to the manufac- 
turing industries. The company’s model- 
ing activity, which began in the late 
1950s, has continuously expanded, and 
today it maintains large, fully integrated 
modeling departments in two of its 
offices. 

Activity has ranged from architectural 
models of hospitals and large buildings, 
civic and industrial planning models, 
working models of industrial equipment 
and coal-fired utility power plants, to a 
variety of models for the pulp and paper, 
metallurgical, chemical, and other man- 
ufacturing industries— many containing 
sizable industrial power plants. In fact, 
Rust engineers see the last-named as a 
future trend for modeling among design 
contractors. 

The pulp and paper industry tradition- 
ally has generated a major portion of its 
electrical power from bark and wood 
waste, natural byproducts of this indus- 
try, and from process chemical-recovery 
boilers (Fig 1). As a major consultant to 
this industry, industrial power modeling 
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has been a natural development for 
Rust. 


Advantages of models 


Models are developed for a variety of 
purposes and uses. Some of the primary 
advantages to be gained by model usage 
are: 

B As aids in laying out equipment for 
the best use of space and product flow — 
especially important in retrofit jobs. 

= For construction planning studies, 
important in modernization programs, 
and often resulting in a major impact to 
the critical path. 

B As a construction tool. The model, 
which is easier to work from than draw- 
ings, is issued to the field in lieu of 
orthographic drawings. 

= For review by potential construction 
subcontractors to ensure a full under- 
standing of the scope of work. 

B For installation of piping directly on 
the model from piping and instrumenta- 
tion diagrams, helping to optimize piping 
runs, and to permit scanning and other 
input devices for computer-automated 
isometric drafting of piping. 

ш To facilitate alternative studies for 
cost reduction during planning stages. 

Secondary advantages of model usage 
are: 

= To facilitate high-level reviews by 
the client's and the engineer's manage- 
ment personnel. 


= As a training aid for the client's 
operating and maintenance personnel. 

= To facilitate review of the project by 
nondesign personnel— for safety, envi- 
ronment, insurance, etc. 

B As a training aid for the orientation 
of new engineering and construction 
personnel. 

ш For public-relations purposes. 


Selecting the model scale 


Model-scale selection depends on the 
model's end use. Small-scale models in 
the '/s-'/so-in./ft range are generally 
selected for public-relations purposes or 
overall site development. Models of 
about Ws in./ft provide adequate detail 


4. Piping input is taken directly from final 
model. Data are recorded for input to 
computer for automated drafting 


Ower 


3. Definition model (°%-in. scale) shows 
size relationship of recovery boiler (right) 
and bark-fired steam generator (left) 


to permit an overview of the interwork- 
ing relationships of major equipment, 
plant operating units, and buildings, and 
are excellent for overall site development 
(Fig 2). 

For industrial power complexes, scale 
definition models, '% 1п.-% in./ft, gener- 
ally find wide application in developing 
further definition of the project in the 
early engineering stages (Fig 3). These 
definition models, with equipment often 
made from catalog cuts or proposal 
drawings, permit engineers to experi- 
ment with various layouts and orienta- 
tions to best use available space and 
optimize building configurations and 
piping runs. 

After agreement of the general layout 
is reached, the definition models are 
usually refined by referring to selected 
vendors' proposal drawings and typical 
shop drawings for previous projects. 
Major piping runs down to 2 in. in 
diameter generally are shown and space 
is provided for electrical runs and heat- 
ing and ventilating ductwork. 

Additional capacity, as well as future 
requirements, can be considered during 
the initial stage of the project. These 
needs can be estimated and space 
planned for or reserved in the model. 


5. Grouping of steam piping in west bay 
is adjacent to generator building 


Definition models can be further 
refined by adding details from all design 
disciplines. At this time, the model can 
be completely reviewed by the project 
team (client, engineer, contractor), and 
the general plant layout can be frozen. 
Additional high-level management re- 
views can be held. 

With the definition model frozen, it 
becomes the basis for preparation of 
conventional orthographic drawings 
from which the power complex will be 
built, or for a large-scale detail model. 
Factors affecting.this decision include 
the client's preference, plant location, 
schedule requirements, and cost. 

A larger final detail model is often 
prepared from the definition model, 
usually at a scale of %4 in./ft. This scale 
permits extremely fine detail of the 
equipment, and is accurate enough to 
coordinate location of equipment, piping, 
and ductwork —all of which can be taken 
directly from the model (Fig 4). Ortho- 
graphic drawing requirements are 
greatly reduced. 

Once construction of the */-in. scale 
model has been started, checks can be 
made by operating personnel to verify 
necessary access routes normally taken 
during operating tours, and by mainte- 
nance personnel to verify the access 
space available for servicing equipment. 
The latter can use scale models of porta- 
ble equipment—such as fork lifts—to 
ensure proper access for normal mainte- 


nance. Frequently, the reorientation of 
pumps, motors, and similar small equip- 
ment can be made during these reviews 
to improve maintenance access without 
adding to project cost. 

On both definition and detail models, 
color coding is used extensively to indi- 
cate type of service, types of equipment, 
and/or future requirements (Fig 3). 
With color coding, priorities can be 
placed on available space for more criti- 
cal and costly items, such as steam 
turbines, feedwater pumps, and high- 
pressure steam lines. 


A current modeling project 


Work is well under way at Rust’s 
Birmingham office on a */4-in./ft detail 
engineering model for a new pulp plant, 
which the Buckeye Cellulose Corp—a 
wholly owned subsidiary of Procter & 
Gamble Co—is building near Ogle- 
thorpe, Ga. Scheduled for completion in 
1981, this model will be issued to the 
field for construction purposes instead of 
orthographic drawings. 

A *-in.-scale definition model initially 
was prepared for most plant operating 
units, including the power plant, which 
consists of a boiler firing wood waste 
(bark), a chemical recovery boiler firing 
pulping residue, a cogeneration tur- 
bine/generator, and associated equip- 
ment. 

Due to the economics of fuel available 
from the process and the steam require- 


6. Water-treatment 
plant (left) is housed 
near bark boiler 


7. Final model pro- 
vides good detail (be- 
low). Note small-diam- 
eter piping around 
boiler feedwater-treat- 
ment equipment 


ments of the mill process, the power 
plant has been designed to produce about 
97% of the mill's electrical requirements 
at the design-production level. A single- 
extraction, back-pressure turbine/gener- 
ator produces 32.3 MW of power, with 
175-psig extraction and 50-psig exhaust 
steam being supplied to meet process 
demands. Refer to the general layout of 
the power complex shown in Fig 1. 


The definition model 


In developing the definition model for 
the kraft pulp mill, the physical size of 
the chemical-recovery-boiler complex, its 
location, and its configuration (roughly 
four times the volume of the bark-boiler 
complex), were the primary determi- 
nants in the overall powerhouse layout 
(Fig 3). Placement of operating floor 
levels was developed with the boiler 
supplier and modeled. Major structural 
steel was shown, and major auxiliary 
equipment such as sootblowers, tanks, 
ducts, fans, etc, were modeled and 
located. Architectural items— that is, 
stairways and elevators— were then 
blocked in on the model. 

The physical size of the chemical- 
recovery boiler was determined so it 
would not operate below its minimum 
safe firing rate based on the current 
design level of the plant, and it would be 
capable of sustaining the maximum 
firing rate required if the plant is 
expanded. 

The primary-air forced-draft fan on 
this boiler is sized so that it can be 
reused as the secondary/tertiary air fan 
if the boiler complex is expanded. 

Once the general configuration of the 
recovery boiler was established, work 
began on locating the bark-fired-boiler 
and turbine/generator buildings. The 
bark boiler itself was modeled, and vari- 
ous arrangements were tried for the loca- 
tion of the mechanical dust collectors, 
preheaters, forced-draft (FD) and in- 
duced-draft (ID) fans, and associated 
ductwork. 

Close coordination between client, 
engineer, and boiler supplier at this stage 
confirmed the general layout, and per- 
mitted the supplier to complete his initial 
set of engineering drawings based on the 
model layout. These drawings were not 
subject to major revision during the 
approval stage and therefore considera- 
ble time was saved. 

During the development of the bark- 
boiler building, it was thought desirable 
to locate the main operating floors at the 
same level as the recovery-boiler floors 
and, if possible, to line up all upper level 
floors for minimum structural complex- 
ity and for maximum ease of construc- 
tion. The model permitted a thorough 
check of bark-boiler penetrations, which 
indicated that this was practical with 
slight variations in the elevations of 
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access doors, platforms, and similar 
items. 

A review of the model was conducted 
with potential ash-handling vendors to 
check the space available for this equip- 
ment. Based on these reviews, the bark 
boiler could be released for design long 
before the ash-handling system was 
finalized. 

Other options available around the 
bark boiler were reviewed by the project 
team. The model clearly showed that the 
highest sootblowers on the bark boiler 
were below the elevation of the lowest 
sootblowers on the recovery boiler. If 
one-sided retractable sootblowers could 
be used on the bark boiler, however, they 
could be extended into unoccupied space 
in a recovery-boiler bay reserved for its 
sootblowers. The bark-boiler vendor con- 
ferred with his sootblower supplier and 
approved the use of these sootblowers in 
a matter of days. By using the model and 
the one-sided sootblower layout, one bay 
originally planned for the bark-boiler 
building was eliminated at considerable 
cost savings. 

A bay located to the east of the bark 
boiler provides space to house the feed- 
water-treatment system and the deaerat- 
ing heater that serves both boilers and 
feedwater pumps (Fig 6). 

Another advantage of the model is that 
critical space problems can be resolved 
more easily; for example, bark bin size 
and arrangement were optimized to 
include two bins with adequate total 
volume to give the needed residual time 
while using minimum building space. 
Another example: The bark boiler is 
two-thirds as tall as the recovery boiler 
and is covered with a sloping corrugated 
roof (Fig 3). Space under the sloping 
roof was used to accommodate major 
ductwork, which runs to the main boiler 
stack south of the complex (Fig 8). This 
location provided the most direct route 
available and saved considerable duct- 
work and supports. 

A review of the model by the engineer- 
ing team indicated that the rearmost 
structural bay of the bark-boiler complex 
appeared to be unnecessary. The equip- 


8. Engineer checks 
large duct run under 
bark boiler's sloping 
roof—the most direct 
route to stack, as 
model reveals 


ment in this area consisted of the air 
preheater, ID fan, and associated duct- 
work, all of which could be installed 
out-of-doors at little or no added cost for 
the equipment. A structural study was 
made and confirmed that the bay could 
be eliminated without affecting the 
structural integrity of the power com- 
plex. The results were savings in an 
exterior boilerhouse wall, floor, and roof. 
Also, access to the air preheater and ID 
fan and motor was improved, allowing 
mobile plant equipment for servicing, 
and eliminating the need for monorails. 

The turbine/generator room is located 
at the west end of the recovery boiler 
(Fig 9). The turbine/generator and 
bridge crane are oriented so the crane 
rails can be extended if necessary. Note 
that all steam controls are located in one 
bay on the west side of the recovery- 
boiler building adjacent to the generator 
building (Fig 10). 

A separate building at the front of 
(and integral with) the bark boiler, 
recovery boiler, and generator building 
provides space for electrical switchgear, 
motor-control centers, and miscellaneous 
equipment. Its upper floor corresponds to 
the elevation of the operating levels of 
both boilers, and is used for the main 
control room and office space for the 
power complex. 

Actual construction work generally is 
a critical item on the construction sched- 
ule because of the trial chemical recov- 
ery boiler. With the model, however, 
engineers were able to identify structural 
requirements for the building early in 
the program, thus permitting the early 
commitment of structural-fabrication 
contracts and timely release of founda- 
tion information for civil work and 
pilings. 

Structural design work on the model 
was continued on a progressive basis, 
with releases of steel to the fabricator 
timed sequentially to meet the construc- 
tion schedule. At the same time, major 
equipment to be installed in the boiler 
complex — such as dissolving tank, ventu- 
ri scrubber, fans, large ductwork sec- 
tions, deaerating heater, and water-treat- 
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. generator into foundation (below) 


9. Firing level of chemical-recovery boiler is checked by design engineer. 
Turbine/generator building for pulp-and-paper mill is at right, bark boiler at left 


ment equipment— were scheduled to 
arrive in the field so they could be set in 
the boiler complex as the building steel 
was erected. This permitted an orderly, 
continuous flow of construction activities 
and reduced construction equipment and 
labor requirements. 

Flooring requirements. After all major 
equipment was set on the definition 
model, and operating and maintenance 
requirements were known, a study of the 
flooring requirements was undertaken. 


10. Steam controls and piping are 
located in one bay (above) 


11. Modeler inserts lower section of 
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Cost savings were realized by eliminat- 
ing grating and/or concrete flooring 
where not required for operating and 
maintenance, or for structural design. 
Minimizing the concrete flooring also 
minimized the heating and ventilating 
scope of work. 

Flue gas from the chemical recovery 
boiler is cleaned in a dry-bottom elec- 
trostatic precipitator designed for cur- 
rent production levels and to meet the 
new-source environmental limits. Flue- 
gas flow studies were conducted to 
confirm ductwork layouts prior to final- 
izing the design. 

A single brick-lined concrete stack 
350-ft tall is used to service both boilers 
and the calciner. The stack is provided 
with an acid-resistant lining in the lower 
section. The space between lining and 
concrete shell is pressurized to prevent 
acid attack on the concrete structure. 


The final detail model 


As work progressed on the definition 
model of the kraft pulp mill, specifica- 
tions were prepared for the various 
equipment to be used in the power plant. 
Major equipment was purchased early in 
the program. While the definition model 
was being finalized, the balance of 
equipment for the power-generation 
complex was being purchased. 

Final-model development follows the 
general layout approved on the definition 
model. Initial activity is the placement of 
structural steel. As Figs 5 and 7 show, 
clear plastic is used for structural-steel 
components in the *-in. final detail 
model. The plastic is strong enough to 
support the weight of the model, is sized 
to occupy the cross-sectional area of the 
structural members, and does not block 
the view of equipment on the model. 

As vendor drawings of equipment 
become available, the modelers begin 
fabricating the major units. These are 
installed in the model as the structure 
and floors are being placed (Fig 11). 


Smaller pieces of equipment are being 
fabricated at the same time. 

Equipment is installed on the model 
based on the initial layout developed by 
the definition model and is ready for 
piping. Piping is placed directly on the 
model following the piping and instru- 
mentation diagrams and the piping runs 
established on the definition model. The 
work proceeds swiftly at this point as 
piping details such as valves and instru- 
mentation are added. 

Smaller pieces of equipment that were 
not shown on the definition model are 
added, and the optimization program of 
the equipment layout and piping runs 
continues. 

A major cost advantage of the model 
occurs in the piping area. A technician 
using portable instruments can take 
piping data directly from the model (Fig 
5). These data are recorded in a “brown 
box" and will be transferred directly to a 
computer for the preparation of isomet- 
ric drawings. 

Other activities performed on the %4- 
in.-scale final model include: 

= Location of electrical and instru- 
mentation items. 

= Relocation of some equipment from 
the definition model. 

= Addition of smaller equipment not 
shown on the definition model. 

= Equipment detailing. 

= Location of heating and ventilation 
systems. 

= Continued optimization. 

To give the reader some insight into 
the total scope of the final model, it 
consists of the following: 

Bark boiler: four model tables with 16 
lift-off sections. 

Recovery boiler: two model tables with 
14 lift-off sections. 

Turbine/generator: two model tables 
with two lift-off sections. 

Control building: three model tables 
with six lift-off sections. 

Miscellaneous: seven model tables 
with seven lift-off sections. 

In conclusion, the benefits of scale 
modeling that have been proved on 
industrial process and manufacturing 
projects in the past 25 years are equally 
valid for industrial power plants. We are 
expecting an increased use of modeling 
on industrial power plants in the near 
future as our country shifts from oil and 
gas firing to the burning of coal, wood, 
and waste fuels. 

Scale modeling of industrial power 
plants will prove even more beneficial in 
the future through the increased applica- 
tion of electronic devices to input 
computer data directly from the model, 
the increased use of modeling for struc- 
tural and other design activity, and the 
use of closed-circuit TV to transmit data 
between engineering office and field 
prior to model shipment. ш 
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POWER from 
NNASTE HEAT 


Sundstrand’s Waste Heat Recovery System uses 
energy in exhaust gases from industrial processes 
to generate electricity. Rated at 600 kWe, the 
system consists of a Rankine cycle engine using an 
organic working fluid, a waste heat boiler, a 
generator and integral controls for totally 
automatic operation. Waste heat streams with 
temperatures above 600°F and providing 10 million 
BTUs per hour are ideal inputs for system operation. 


Thorough testing of the system has demonstrated energy by utilizing heat now being wasted. Write or 
the predicted high reliability and performance. call for additional information regarding your 
Currently, Sundstrand Waste Heat Recovery specific application. 

Systems are operating at municipal power plants in 

Beloit, Kansas and Easton, Maryland. Additional Sundstrand Energy Systems 

units will be installed and operating within the next pos ae е 

pede Rockford, Ill. 61104 


: 815) 226-7906 
The Sundstrand Waste Heat Recovery System is a (213) 


near-term, easily retrofitted means to conserve 


Sundstrand Energy Systems «А 


SUNDSTRAND 
ROCKFORD, ILLINOIS 61101 
unit of Sundstrand Corporation ® 
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Pressurized fluidized bed 


...burning coal in 500 MW PFB combined cycle power plants. 


Mod Pod factory packaged gas turbine power units 
...burning natural gas and liquid distillate fuels. 


High temperature turbines 
...burning coal derived gas and liquid fuels in 
750 MW HTT combined cycle power plants. 


coming up with solutions to your energy needs _ today! 


For over three decades, Curtiss-Wright has 
set the pace in gas turbine technology with 
advances such as the Mod Pod** modular 
design concept, now an industry standard, 
and the transpiration air-cooled turbine 
blade capable of operation up to 3000°F 
turbine inlet temperature. Present 
programs will lead to the utilization of coal 
and its derived fuels in 500-750 MW 
combined cycle power plants. 


*Modularized Power On Demand 
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If your requirement is for a simple cycle 
peaking unit, continuous combined cycle 
operation, or any duty cycle in between — 
in an existing power station or at an 
unprepared site, there is a Curtiss-Wright 
power generation system that can best fit 
your energy needs! 


The Curtiss-Wright power systems offer 
low evaluated installed cost, important fuel 
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savings and system availability plus the 


added benefits of ecologically clean and 


quiet power generation. 


Contact: Curtiss-Wright Power Systems, 


One Passaic Street, Wood-Ridge, New 
Jersey 07075, U.S.A. 


e POWER SYSTEMS 
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Only from Honeywell: 


ala. s D The advanced Combustion Management 
> System that puts you in command. 


Coping with rising fuel costs, regulatory safety standards, and 
environmental codes requires peak steam generating efficiency. 
Here is an important new advancement that combines Honeywell's 
years of engineering experience in boiler control with our proven 
microprocessor-based distributed control technology. 

The system shown here is one example of Honeywell's new 
Industrial Combustion Management System. It is the result of the 
successful combination of our proven DSC 8000 digital burner 
safety control package with TDC 2000, the pace-setting distributed 
control architecture. The result is burner management and 
combustion control in one total microprocessor-based management 
stem. And only Honeywell has it. 


Highest level of burner safety and system security. 


DSC 8000 monitors and controls fuel delivery and ignition. Safety 
provisions include Dynamic Safety Check, which tests the integrity 
of all system inputs...and Output Status Monitor, which insures that 
all field devices are in the proper position or state, as directed.Total 
system performance is continually and dynamically monitored to 
insure the highest level of safety and operating integrity. DSC 8000 
reliability is complemented by automatic on-line self-diagnostics 
which isolate potential system or field hardware faults to the loop 
or component level. 


Efficient fuel usage means important cost savings. 


TDC 2000 automatically optimizes fuel consumption by continuously 
monitoring and adjusting fuel-air ratios, regulating fuel firing and 
maintaining precision trim control of oxygen. Accurate repeatability 
ssures maximum steam generating efficiency within safety and 
nvironmental compliance limits...whatever the fuel. You not only 
ve on fuel, but on labor and costly downtime as well. Operators 
nderstand and operate the system without extensive retraining. 


for combustion management. 


oneywell's unmatched resources are part of the package. 
verything from expert counsel in planning your system through 

! field engineering support. We'll train your operators, handle 
installation or provide total project management through Honeywell's 
Energy and Engineering Services. The choice is yours. 


Start taking command of your boiler control problems today. Write 
Honeywell Process Management Systems Division, Dept. 436PW, 
Fort Washington, PA 19034. (215) 643-1300. 


The company you'd expect 
to excel in digital process control. 
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A candid view of the energy crisis 
as it applies to your company. 


The energy crisis is immediate... and very real. 

Unless we demonstrate that we can utilize our 
natural resources more efficiently without hurting 
the environment, more restrictive government ac- 
tion will be forthcoming. In addition, the rampant 
escalation in fuel prices now underway is likely to 
continue. Failure to voluntarily apply strict energy 
conservation practices will bring more and more 
regulations, stringent controls, import constraints, 
and fuel rationing. The more this happens, the 
more we'll labor under burdensome production 
cutbacks, delays, shutdowns, and further fuel cost 
increases that slash profits and dampen corporate 
growth. 

Yes, the crisis is immediate and very real. Our 
responses must be equally so! 

Fuel conservation tops the list. Fuel conservation 
measures you should consider include the installa- 
tion of modern economizers, recuperators, and 
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other waste heat recovery systems for improved 
efficiency. Refuse-burning systems with heat re- 
covery are also viable alternatives, as are con- 
versions to equip your plant to handle the most 
plentiful domestic energy source— coal. 

How can you assure an adequate supply of fuel? 
If you are presently burning fuel oil, modifying your 
system to burn natural gas is an option; natural gas 
is available from domestic sources, Canada, and 
Mexico. You can convert or expand a No. 2 oil- 
burning system to burn additional grades of oil 
(including No. 6). And there's propane. A propane- 
air standby system can add important self- 
sufficiency to your plant. You can also increase your 
oil storage capacity to last weeks instead of days. 

At Midwesco Energy Systems, we can help you 
take prudent steps toward effective and conserva- 
tive fuel utilization. We design and install all types 
of energy system modifications. 

Write or call me. I'll personally see that one of our 
Sales Engineers makes an evaluation of your spe- 


cific situation. He'll show you how Midwesco can 


equip your plant to deal intelligently with the 
energy crisis. We've been helping industries, in- 
stitutions and utilities get the most out of their fuel 
dollars since 1931. 


РГЕ 


David A. Miller, Vice President 


MIDWESCO 


MIDWESCO ENERGY SYSTEMS 
A Division of Midwesco, Inc. 
7720 Lehigh Avenue 

Niles, Illinois 60648 

Phone (312) 966-2150 

TWX 910-223-0825 


The professionals who 


convert energy problems 
into opportunities. 


We design and install systems for: 
Fuel Conversion 

Oil Storage/Handling 
Coal-Burning/Storage/Handling 
Pollution Control 

Propane-Air Usage 

Waste Heat Recovery 

Refuse Incinerator/Heat Recovery 
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ROLLED ALLOYS 
more of them than ever! 


Rolled Alloys has been growing fast, by specializing in the 
quick delivery of high-quality heat and corrosion resistant alloys. 
Look over this recently expanded line of wrought materials, 
and call us for more information on the ones you might use. 


_ ын high iore content for ap heat 


Pp C & corrosion resistance. — 


| Carpenter | 0:25 
е Ий 20 38 050 350 Cb + Te 
RA 200 085 - 020 020 сю Ср. 
RA 201 995 - 020 020 0.10 Soo 
| | : | — Mn:10 
RA 400 8 - 15 020 3 CO 
$:0.01 

RA 6O0 J6 155 в 020 020 $00% 


* Registered trademark of Carpenter Technology Corp. 


ROUD ,,// 7/5: INE 


leat and Corrosion Resistant Alloy Specuaete 
5311 Concord Avenue, Detroit, Michigan 48211 


. corrosive 


EU 2000" Е. 


nd Heat кйш. hot turbine. m AMR EEG 


r petis 
. More. resistant | 


THE stainless steel for acid corrosion 


environments. Resistant to intergranular 
corrosion (as welded). Resistant to 
chloride stress corrosion cracking. 


A wrought commercially pure nickel. 
Excellent resistance to caustic corrosion, 
good thermal and electrical conductivity, 
large magnetostrictive effect. RA 201 
has restricted carbon to resist embrittle- 
ment in service above 600° F. 


A nickel-copper alloy, resistant to a 


variety of corrosive environments. Good 
strength and toughness over a wide 
temperature range. 


A nickel-chromium alloy, resistant to 
environments at elevated 
temperatures. Good oxidation resistance 


trolysis, 
Chlorination. 


Heat exchangers, bubble caps, 
process piping, mixing tanks, 
equipment for sulfuric acid 
pickling, flue gas scrubbing. 


Chemical containers, magneto- 
strictive devices, and equip- 
ment for caustic manufacture 
& storage, synthetic fiber 
production, fluorine  elec- 
food processing, 


Distillation towers, marine, — 
valve & pump parts, equip- 
ment for chem. processing, 


hydrofluoric acid, caustics. 


Heat exchangers, vegetable & 
fatty acid digesters, equipment 


for chem., food, paper, heat 
| treat processing. А 


y ee al s tubes, furnace - " кета р г 


ASTM В-463, 


B-464, B-473 
ASME SB-463, 
SB-464, SB-473 


ASTM B-162 
ASME SB-162 


AMS 4544 - 
ASTM B-127 
ASME SB-127 


AMS 5540. 
ASTM B-168 


ASME SB-168 
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For all the best heat and corrosion resistant alloys, 
ready when and where you need them: 


South River NJ (201-254-4616) e Cleveland OH (216-441-2660) 
Detroit MI (313-921-4462) e Chicago IL (312-471-0330) 
Houston TX (713-433-7253) e Santa Fe Springs CA (213-921-4333) 


CATALYTIC is capability 
in power/energy systems 


engineering. 


Your energy conservation investments 
must be technically and economically 
sound. We can support your commit- 
ments with our 30 years of experience in 
the conception, design, operation and 
maintenance of process, manufacturing, 
and energy conversion facilities. 

This experience combines with our 
expertise in the technical, regulatory and 
financial aspects of energy projects to 
guide investment decisions and assure 
project success. 

We are committed to help meet your 


present and future energy needs. Large 

project or small. Grassroots or retrofit. 
For an experienced analysis of your 

energy needs by our Power Division, 

write or phone Tom Dickinson, Catalytic, 

Inc., 1500 Market Street, Philadelphia, PA 

19102. (215) 864-8731. 

Philadelphia, PA * Baton Rouge, LA 

* Charlotte, NC * Newport Beach, CA 

* Toledo, OH * Ponce, Puerto Rico 

* London, England * Sarnia, Ontario and 

Edmonton, Alberta, Canada. 


CATALYTIC is capability. power and 


process engineering, construction, maintenance, environmental systems. 
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Industrial FBC is taking shape 


A fluidized-bed combustion unit at Georgetown University is demonstrating 
reliable, esthetic, and efficient operation in an urban environment 


By S D Strauss, Senior Editor 


Coal combustion in a fluidized bed 
(FBC) is expected to play a major 
role in returning to the use of solid 
fuel in an environmentally accept- 
able manner at attractive operating 
cost. While the well-known FBC 
unit at Monongahela Power Co's 
Rivesville station in West Virginia is 
demonstrating the application to 
utility central stations, its industrial 
counterpart is providing heating and 
cooling for Georgetown University — 
with potential for cogeneration. 

The system is designed to generate 
100,000 lb/hr of saturated steam, 
and was developed under DOE spon- 
sorship by Fluidized Combustion Co. 
The latter is a partnership of Foster 
Wheeler Corp and Pope, Evans & 
Robbins, respective designers and 
constructors of the boiler and the 
balance of plant. Stated purpose of 
the program is to demonstrate insti- 
tutional application of fluidized-bed 
combustion by burning high-sulfur 
coal in a populated area, with mini- 
mal effect on the environment. 

The steam-generator is designed 
for simple, reliable operation, with 
minimum operator attention and 
maintenance. These goals dictated 
natural circulation, overbed fuel 
feed, and flyash reinjection to 
enhance efficiency. Injection is done 
directly into one of the beds, avoid- 
ing the carbon-burnup cell incorpo- 
rated at Rivesville. Operating pres- 
sure is set at 275 psi to meet the 
university's needs. However, capabil- 
ity up to 625 psi has been designed 
into the unit to allow for cogenera- 
tion of steam and electricity in the 
future. Arrangement of beds and 
steam generator are shown in Fig 1. 

The unit contains two indepen- 
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dently fired beds, each 5'^ ft deep 
with a 106-ft plan area. Operating 
conditions at full load are 1600F at 
8-ft/sec fluidizing velocity. The nat- 
ural-circulation flow path includes 
four downcomers supplying the low- 
er headers, and sloped risers posi- 
tioned in the bed. The tandem-bed 
arrangement provides a 4:1 load 


turndown, for efficient operation 
under varying load requirements. 
About 95% of the bed material 
consists of limestone products during 
operation. The balance is coal, sized 
to 14% in. maximum and injected 
with overbed spreader feeders; fines 
are minimized by means of a gyrato- 
ry screen upstream of the crusher. 


1. Steam generator features natural circulation, produces 100,000 Ib/hr saturated 
steam at 275 psi, with capability for 625 psi to permit cogeneration of electricity 


Steam 
outlet 


Flyash. 


reinjector 


| Bed-material 


DN g Air-distributor grid " 


& Limestone 
1 feed pipe 


Spreader 
feeder 


nozzle 


Air 


2. Startup zone in bed A is preheated by 
ignition burner to initiate lightoff process 


To reduce burning and SO, emis- 
sions, the feeders are fitted with 
spray nozzles. A small amount of 
water can be sprayed on the coal if 
received with excessive dry fines. 
Limestone is fed at the surface of 
each bed. 

Slag formation is prevented by 
operating the beds at 1600F, well 
below the ash-softening temperature 
of the fuel. Combustion insensitivity 
to fuel-ash characteristics allows 
wide latitude in coal procurement. 
Absence of slag and ash deposits 
allows for elimination of sootblowers 
from the facility. 

Light-off is achieved by preheating 
a startup zone within each bed (Fig 
2). This is done with an independent 
4-million Btu/hr oil-fired ignition 
burner, located between the air 
distributor and the in-bed tubes. 
When the zone temperature reaches 
SOOF, the zone is fluidized by a 
startup damper, and a measured 
charge of coal is fed into the zone by 
the spreader feeder. When the zone 
is stabilized at 1400F-1600F, the 
rest of the bed is fluidized and coal 
feed is initiated. When combustion is 
stabilized in the bed, the plenum 
partition is opened and the startup 
damper closed, permitting control of 
the fluidizing air for both beds 
through a single damper. 

An alternative for lighting off the 
second bed is by transfer of hot 
material from the first bed. To do 
this, a damper located in tne parti- 
tion wall can be opened, allowing 
blending of the two bed materials. 
Making bed A deeper than B ensures 
the flow of material. This technique 
has been used successfully at Rives- 
ville. Bed A, designated the prefer- 
ential bed, is always started up first 
and shut down last to provide for the 
flyash reinjection. The flyash is 
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Limestone bins 
Mechanical 
dust collector 


Stack 


Economizer 


3. Forced-draft air flow moves combustion air through the fluidized beds. ID fan draws 
flue gases through the boiler bank, dust collector, economizer, and baghouse collector 


Conveyor 


to truck 


Bucket 
elevator 


Bucket 
elevator 


4. Coal-handling operations are done in enclosed facility. 
Mass-flow design, variable pitch conveyors avoid particle 


segregation; spreader feeders distribute fuel evenly over beds 


collected up stream of the boiler 
bank in an internal cinder trap and 
down stream in a mechanical 
cyclone, and injected pneumatically. 


How emissions are controlled 


Raw, crushed limestone is fed to 
the bed to keep SO, emissions within 
limits set by both EPA and the 
District of Columbia. At normal 
operating temperatures, it calcines 
to lime, which absorbs SO, released 
during combustion. Gypsum forms 
on the bed-particle surfaces in the 
process. 

Sulfur capture is maintained by 
feeding fresh limestone continuously; 
bed material is withdrawn through 
an opening in the air distributor to 
maintain the proper bed inventory. 
The relatively low bed temperature 
minimizes NO, emissions. Particu- 
late emission is controlled by a 
baghouse dust collector. This ap- 


proach was selected over an electro- 
static precipitator (ESP) because 
removal of the SO,—which condi- 
tions the particulates’ electrical 
characteristics—raised doubts about 
the efficiency of collection by ESP. 

The overall arrangement is shown 
in Fig 3. The facility is designed for 
balanced-draft operation. Combus- 
tion air is moved by forced-draft 
fans through the air-distributor sys- 
tem up through the beds, controlled 
by dampers at the inlet of the steam- 
generator plenum. An induced-draft 
fan provides suction to draw flue 
gases through the boiler bank, 
mechanical dust collector, economiz- 
er, and baghouse before discharge to 
the stack. 

The coal-handling system is com- 
pletely enclosed (Fig 4). Coal is 
delivered in covered trucks, and 
unloaded inside the facility where it 
is moved vertically due to space limi- 
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Limestone 
bunker 


(350 ton) Limestone 


bin 
: ш, 


P, 


Air lock 


Pneumatic z 
receiving Pneumatic 
from truck transport to bins 
blower 
s 


tations. From the receiving hopper, 
the coal is raised by bucket elevator 
to storage bunkers (nine-day capac- 
ity). The bunkers are designed for 
mass flow to prevent particles from 
segregating by size. A variable-pitch 
conveyor removes the coal, which is 
raised by a second elevator and 
passed over a screen; oversize parti- 
cles are routed through a crusher, 
then remixed with the screened coal, 
and finally raised by a third elevator 
to a coal bin adjacent to the steam 
generator. A belt scale at the bin 
inlet integrates the coal feed. 

The bin discharges to two spread- 
er feeders, which regulate the flow to 
each bed. Similar to the type used in 
spreader stoker boilers, the feeders 
are located about two feet above the 
expanded height of the fluidized bed, 
and are adjustable to provide uni- 
form fuel distribution. 

Limestone handling is depicted in 
Fig 5. The limestone is received in 
pneumatic discharge-type trucks, 
and is blown into its bunker by the 
truck’s discharge blowers. The bunk- 
er can store 10-days' supply at full- 
load operation and, like the coal 
bunkers, is designed for mass flow. 
Limestone removed by the bunker- 
discharge screw is conveyed pneu- 
matically to two storage bins. Dis- 
charged material is measured by belt 
scales, and falls by gravity into each 
of the fluidized beds. Entry into the 
steam generator is through the side- 
walls, just above the bed level (Fig 
1). Limestone flow is adjusted by the 
automatic-control system to control 
SO, emissions. 


Handling bed material, flyash 


The bed material discharges 
through a 6-in. pipe that penetrates 
the air plenum and distributor verti- 
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| Belt feeder 


Limestone 
Bin 


ج 


Bed 
discharge 


E Screw cooler 


Belt feeder Water 


BedB 


BedA 


5,6. Limestone flow (left) is 
adjusted relative to coal flow to 
control SO, emission. Flow of 
discharged bed material (right) 
is regulated by water-cooled, 
variable-speed screw device 


cally. Flow rate of the discharge 
from each bed is controlled by a 
variable-speed screw. The screw is 
cooled indirectly by water to reduce 
the temperature of the discharged 
material to about 300F (Fig 6). The 
finer material is conveyed pneumati- 
cally to an ash silo, with the rejects 
going to a crusher. The crusher is 
provided to break up the rejects so as 
to expose any unreacted calcium 
oxide contained in the particle cores. 
The purpose is to increase the parti- 
cle reactivity for byproduct-sale pos- 
sibility in a related DOE program. 
The crushed material is then con- 
veyed to the silo. 

Flyash from the beds is removed 
from the flue gas by a cinder trap 


V Air 
I lock 


truck 


Cyclone 
separator _ 


Crusher 4 


Air lock XE 


and reinjected into bed A (Fig 7). 
The trap is a simple arrangement 
featuring a series of down-sloping 
channels. These change the direction 
of gas flow to separate the particles, 
which fall into the recycle ash 
hopper. Because the trap’s effective- 
ness in fluidized-bed systems is 
unproven, a cyclone dust collector is 
added as backup to ensure sufficient 
particle recycle for the desired com- 
bustion efficiency. If the action of 
the trap proves satisfactory, the unit 
can be modified to transfer particles 
from the mechanical dust collector 
to the ash silo. 

Particles not removed in the 
cyclone collector pass over the econ- 
omizer to the high-efficiency bag- 


7. Cinder trap ahead of boiler bank and down-stream mechanical collector remove 
flyash from flue gas for reinjection into bed. Recycle enhances combustion efficiency 
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Afterburner system puts heat of waste gas 
and liquids into coke-plant steam supply 


A 75% cut in purchases of natural gas is the main target 
of this FMC Corp project, now in operation. Zero discharge 
of contaminated water is a secondary and important benefit 


The world's largest formcoke plant, 
in Kemmerer, Wyo, now includes 
energy-conservation equipment de- 
signed to reduce consumption of 
purchased natural gas while simulta- 
neously cutting pollution. The plant, 
which went commercial in 1971 and 
into high output about two years 
later, supplies 90,000 tons/year of 
coke briquettes to an FMC phospho- 
rus plant at Pocatello, Idaho. Be- 
cause additional future markets will 
be in steel and other industries, 
improvements aimed at reducing 
costs, lowering pollution, and mak- 
ing the process location less depen- 
dent on purchased fuel are worth- 
while— worthwhile enough to justify 
spending of $4.5-million to develop 
the afterburner (Figs 1,2) and heat- 
recovery system that is now doing an 
outstanding job for the plant. 

An underlying principle of the 
process is that the binder for the 
coke comes wholly (as at Kemmerer) 
or in large part (as envisioned for 
some types of coal) from the coal 
feed to the process. In spite of this, 


1. Horizontal afterburner functions as incinerator and supplier 
of heat to the nearby energy-recovery equipment 


offgases from several of the stages 
contain liquids and solids. Although 
cyclones, scrubbers, baghouses, 
driers, and decanters remove quanti- 
ties of these potential fuel sources 
and pollutants, eventually returning 
them to process, a considerable frac- 
tion must go either to combustion or 
directly to the environment. 

In regard to aqueous discharge, 
the Kemmerer plant has no National 
Pollutant Discharge Elimination 
System (NPDES) permit, so zero 
discharge is necessary. At one time, 
a pond holding contaminated water 
had grown to 22 acres; this has been 
cut down considerably since the new 
add-on went into service. Further 
shrinkage is expected, as evaporation 
and solids combustion continue. 

Before the new energy-conserva- 
tion system came on line in 1979, 
about 11,000 therms/day of pur- 
chased natural gas supplied that 
portion of energy needs not covered 
by burning part of the coal or char. 
This natural gas went to produce 
steam chiefly for coal drying, coke 


99%, 


curing and drying, and heating of 
office buildings. Steam tracing of 
piping and drying of wet tar were 
other uses. Steam drying was the 
largest consumer, taking about two- 
thirds. Steam pressures run as high 
as 450 psig, so recovery equipment 
must be capable of this. 

The new system cannot supply all 
this steam and heating requirement, 
because pilot lights on the afterburn- 
ers must still burn natural gas, and 
there are a few other end uses for 
natural gas. Consumption has been 
cut from 11,000 therms/day to 
about 3,000, however, and the plant 
is optimistic that some additional 
reduction is possible. 

The energy-conservation system 
was not the first in a continuing 
improvement program that has put 
much new equipment into the plant. 
An extensive range of dust collec- 
tors, covered conveyors, baghouses, 
and other particulate-collecting de- 
vices to prevent release to atmo- 
sphere has come on line during the 
past four years. 


2. Emission-control task of afterburner is a must, to eliminate 
release of pollutants to plant area and environment 
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3-4. Controls of waste-heat system 
(above) allow operators to monitor from 
control room. Fuel flow to afterburner 
(right) includes liquids and particles 


and are burned. Air emissions from 
the coal-preparation section also 
supply combustibles, and the emis- 
sions from the briquetting room pass 
through cyclone separators before 
burning. 

Overall, the FMC coke process 
produces a byproduct fuel gas. Even 
though its heating value (about 165 
Btu/cu ft on a dry basis) is less than 


that from a conventional coke-oven | 


battery, the equivalent of 5-million 
to 6-million Btu/ton of coke is still 
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available for steam generation or 
export. The Kemmerer plant has 
chosen to burn this gas in the front- 
end afterburner to generate steam, 
and in the back-end afterburner to 
incinerate the remainder. 

Sulfur in the coal may be a 
consideration here. The fuel gas, 
from the carbonizer and calciner, 
can contain about 900 ppm by 
volume of hydrogen sulfide, for 
example, when a 1%-sulfur coal is 
the feed. The Kemmerer plant does 


Condenser/ 
scrubber 
(90% efficiency) 


Stack 


а TS 


Inert-gas 
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Inert-gas 
scrubber 
(9096 efficiency) 


To clean- 
waste pond 


not desulfurize the generated fuel 
gases, but future FMC coke plants 
will have sulfur-removal facilities. 
One of the many demonstrated 
commercial desulfurization pro- 
cesses will be the choice. 
Instrumentation of the system 
(Fig 3) is pneumatic, like that of the 
rest of the plant. Another reason, 
besides compatibility, was fear that 
coke dust might penetrate electronic 
instruments and give operating and 
maintenance problems. ш 
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Cutting demand with a custom system 


Management said: ‘Take a close look at demand charges, find out if any loads can be 
shed and then restored within the demand period, and build a control system that 
Will do the job.' Here's what company engineers did — with some surprising results 


By J D Horn, Masonite Corp and RP Grehawick, General Electric Co 


In August 1975, after the cost of 


electricity had soared 111% in three 
years, the management of Masonite 
Corp, Laurel, Miss, requested that 
its Energy Conservation Dept ana- 
lyze the feasibility of a demand 
limit-control system and implement 
it by May 28, 1976—the date when 
the demand charge for the next 12 
months was to be set by Mississippi 
Power Co. 

At Laurel, the kW requirement 
each month is the average kW 
required from the power company 
during the 15-minute period of the 
greatest use as measured by a watt- 
hour meter, but it cannot be less 
than the largest of the following 
contractual stipulations: 

= Contracted kW requirement. 

= Maximum kW requirement es- 
tablished during the most recent 
calendar months of June, July, 
August, and September. 

= 90% of the maximum kW 
requirement established during any 
of the remaining eight calendar 
months during the most recent 12- 
month period. 

The monthly billing is one-twelfth 
of the foregoing annual charges 
adjusted in accordance with power 
demand, power used, fuel-cost ad- 
justment, and power factor. The 
power a customer uses is measured 
by the utility, and the highest rate 
used in any 15-minute period during 
a month establishes the demand rate 
for the coming year. 

Studying the problem. When the 
Energy Conservation Dept began to 
study the problem, its personnel had 
no idea what Masonite Corp paid for 
electric services each month. They 
were amazed at the costs compared 
to three years earlier. It was enough 
to convince them that something had 
to be done, and fast. 
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Distribution of power throughout 
the plant was studied and analyzed. 
At the same time, information on 
demand-limit controllers from sev- 
eral manufacturers was accumu- 
lated. However, the department 
didn't rush out to buy the control 
equipment before the problem was 
identified and a solution proposed. 
Instead, it rented some 20 recording 
meters and installed them in all the 
large load areas in the mill. 

Analysis indicated that almost 
50% of the entire plant load was 
concentrated in the seven production 
units where wood fiber, mixed with 
water to make hardboard, is refined. 
From the refiners, the stock flows 
onto the wet machine. 

What is critical to production is 
that the stock tanks feeding the 
board machines be kept filled so 
formation of the mats on the wet lap 
are not interrupted by shutdowns. As 
long as the slurry in the stock tanks 
are kept above a minimum level, it is 
possible to control the power load 
within the 15-minute periods with- 
out affecting the production rate or 
product quality. 


Building a customized system 


After studying available literature 
on demand limit controllers for other 
plants and processes, it became 
obvious to department engineers that 
none of these systems would work at 
Laurel. They were designed to shed 
and restore loads automatically, 
such as cooling units, ventilation 
Systems, and electric furnaces. You 
can't shut a board machine down 
every 15 minutes, however, and stay 
in business very long. 

Laurel engineers concluded that 
not enough motors could be stopped 
and restarted to reduce the demand 


appreciably. However, it was seen 
that if loading on the large motors 
could be carefully regulated rather 
than allowed to fluctuate, the peaks 
could be reduced. The department 
then went to work to design a system 
that would force the machinery 
operators to load their machinery 
carefully and uniformly. The system 
would penalize only those plant 
areas that became lax in controlling 
their equipment. 

By exploring many ideas and 
keeping only the viable ones, depart- 
ment engineers began to build a 
customized demand-control system 
that would operate without affecting 
quality or production. Once it was 
known where demand could be 
reduced, the search began for hard- 
ware that would do the job. 

What is unique about the de- 
mand-control system at Masonite 
Corp is that it goes beyond automat- 
ic shedding and restoring of loads at 
predetermined levels of priority. En- 
gineers built into the system a series 
of warning signals so operators at 
the production units could monitor 
advance warnings on excessive load 
demand and take corrective action. 
The operators would know best what 
refiner or refiners to cut back on 
without affecting the continuous 
feed of slurry from the stock tanks to 
the board machines. Only when 
warnings go unheeded does the 
system take over automatically and 
start shedding loads. 

As a result of this design modifi- 
cation, operating efficiency has in- 
creased measurably. Where once the 
process was cyclic, it is now smooth 
and continuous. 

The brains of the demand control 
system is a programmable controller, 
which was ordered while plant engi- 
neering and maintenance personnel 
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NOTE: Distance between “shed” 
levels and amount of initial offset 
has been exaggerated for clarity. 
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y 


1. Accumulated demand pulses are plotted against time in 
demand control system to keep tabs on actual demand 


were designing and installing the 
necessary circuits and equipment 
needed for the customized system. 
Remember, the system had to be 
finished by May 28, 1976 because 
the highest demand peak set after 
that date would establish the plant’s 
demand rate for the next 12 months. 
As it happened, the completed 
system was placed in operation on 
that date—only one hour before the 
meters were read by the power 
company. 

How the system works. The world 
of control may be broken down 
conveniently into inputs, outputs, 
and logic decision-making devices 
including, more recently, program- 
mable controllers. 

Programmable controllers are 
used in a variety of applications, 
chiefly machine control, to replace 
large banks of hardwired relay 
circuits, because they can be pro- 
grammed faster at a programming 
panel than by manually rewiring 
relay circuits. The same general- 
purpose programmable control hard- 
ware has been applied recently to 
demand-limit control, using relay 
diagram symbology. 

At the Laurel plant, the control 
equipment represented by the three 
control categories looks like this: 

Inputs are two kinds of pulse 
signals received from the power 
company. The first is a synchroniz- 
ing pulse, which resets the demand 
period every 15 minutes. The second 
is an energy pulse, which measures 
with a watt-hour meter how many 
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Also, “restore” levels not shown. 


1 PNE 
demand interval 


kWh are actually being used (see 
Fig 1 above). Each pulse represents 
100 kWh. Both of these pulses are 
contact closures. Thumbwheels, 
pushbuttons, and selector switches 
are used to enter parametric data, 
such as the ideal count, the initial 
offset, the demand limit, real time 
(actual time of day in hours and 
minutes), day of year, and shed and 
restore priorities for each load. 

Outputs are light emitting diodes 
(LEDs) for numeric display on the 
console and indicating lights, such as 
a green light for "system running," a 
red light for “demand limit ex- 
ceeded," and an amber light for 
“ideal rate exceeded.” There are also 
indicating lamps next to function 
name tags on the control console. 
Other outputs are the actual auto- 
matic shed signals. 

Decision-making devices. The input 
and output devices are hardwired to 
terminal blocks on input/output 
(L/O) cards, which are inserted in 
slots on I/O racks located in the 
control console. This console is a 
freestanding, floor-mounted device 
with a 90-in.-high NEMA 12 enclo- 
sure. The I/O racks are connected 
via one cable to the programmable 
controller's central processing unit 
(CPU), which is the logic decision- 
making device. 

The CPU reviews the status of 
various input devices every 5 msec. 
and makes a logical decision based 
on the relay ladder diagram stored 
permanently in its plated-wire mem- 
ory. (The entire relay ladder dia- 


2. Programmer and printer (right), programmable control panel 
(center), demand recorder (top left), relay (lower left) 


gram is solved, or evaluated, every 
14 msec.) Based on the review, the 
CPU turns on the various outputs. 

Adapting the standard program. 
At Laurel, the programmable dis- 
play permits checking of the 384 
functions in the programmable con- 
troller. These functions, which can 
be relay, latched relay, on-delay 
timer, off-delay timer, motor-driven 
timer, counter, shift register, and 
arithmetic function, were combined 
to form a program called program- 
mable demand limit controller. 

This standard software program 
was tailored slightly for the Laurel 
plant. For example, a printer (Fig 2) 
was added for hard copy of any one 
of nine separate message codes. 
These codes, printed in red or black, 
are read from bottom to top. Each 
message consists of one, two, or 
three lines. The nine message codes 
(001 through 009), with code 001 
the highest priority, are: 

Shed action (red) 

Restore action (black) 

Meter relay closed (red) 

Meter relay opened (black) 

Demand limit exceeded; actual 
counts shown (red) 

Acknowledges demand limit ex- 
ceeded (black) 

Negative error whenever actual 
count greater than ideal count (red) 

Return from negative error 
(black) 

New peak set (red) 

The control strategy of the pro- 
gram implemented at Laurel is to 
receive kWh pulses from the utility's 
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watt-hour meter. These pulses are 
accumulated and compared to a 
predetermined ideal demand rate of 
accumulation, which is generated by 
the programmable controller. The 
difference between the two curves is 
used to determine (1) when a 
controller load is to be shed, so as 
not to exceed the total demand limit 
at the end of the 15-minute demand 
period, and (2) when to restore load 
so the actual load curve will come as 
close as possible to the predeter- 
mined limit without exceeding it 
(Fig 1). The reason for the latter: 
because Masonite is already paying 
a demand charge based on the high- 
est peak in the last 12 months, it is 
good economics to use as much as 
possible of the demand it is paying 
for without exceeding the limit. 

Interposed between the power 
loads and the programmable control- 
ler are demand-control-center panels 
for each of the production-unit-load 
areas. These panels receive inputs 
from meter relays, which respond to 
kW load of the individual units and 
the demand limit controller. They 
provide warnings to unit operators 
on the status of electrical demand 
both for the unit and the entire plant 
load. Each panel has four lights; 
also, each panel is connected to whis- 
tles and horns. 

At the top left of each panel is a 
white lamp, which indicates, “Your 
area is using allotted power." At the 
bottom left, a green lamp indicates, 
"Your area is using more than allot- 
ted power; you're overloaded." 


3. Programmable control panel showing 
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Simultaneously, an amber lamp at 
the top right of each panel indicates, 
"The plant is using allotted power." 
If both the white and amber lamps 
are lit, the unit and the plant are 
using allotted power; thus, “Be 
prepared for a request to cut load in 
your area" is then indicated. 

If the green and amber lamps are 
on, the operator is warned that he 
has to cut back on a load within 5 
minutes to avoid a plant overload. 
When the green lamp and a red 
lamp at the bottom right flash, the 
operator is told, “Both your unit and 
the plant are overloaded. Reduce 
load within 60 seconds or get a shed 
action." Also, a howler is set off. 

If no actions are taken by the 
operators, automatic shed actions 
are taken by the power-demand- 
control system. 

Using demand-control centers in 
conjunction with the plant program- 
mable-demand-limit controller per- 
mits operators to decide which refin- 
ers can be shut down temporarily, 
while still maintaining the needed 
production level. The strategy gives 
the operator a keener awareness of 


the need for efficient use of electrici- 


ty, and only removes the human 
decision-making element when ad- 
vance warnings are ignored. 

The programmable controller (Fig 
3), which is housed in the switchgear 
room, can be monitored by mainte- 
nance personnel with various output 
devices on the control console. On 
the left side of the console are six 
display functions related to the ideal 
rate, which can be dialed by a 
thumbwheel switch for an LED 
numeric display. Similarly, on the 
right side are six functions repre- 
senting information on actual de- 
mand. The displays show this: 


Ideal demand rate Actual demand 


Time remaining 


(X 0.1 min) Count remaining 
Ideal count Actual count 
Time in period 

(X 0.1 min) Error count 


Demand-limit count 
Real-time minutes 
Peak-demand count 


A red lamp at the top left of the 
control console indicates that the 
demand limit has been exceeded; it is 
an alarm/reset signal. An amber 
lamp at the top right indicates, 
“Ideal rate exceeded." In the top 
center is an off/on key switch. 


Initial offset count 
Real-time hours 
Day of the year 


Below the display functions, name 
tags described above are shed points, 
on the left, and restore points, on the 
right, which are entered by thumb- 
wheel switches in the function load 
selector. Lights at the bottom left 
and right indicate, “Set up com- 
plete” and “System running." 

Control system flexible. The pro- 
gramming panel is located near the 
main console. In addition to pro- 
gramming the logic circuits, the 
panel can also be used for trouble- 
shooting the system. It can call up 
all circuit diagrams one by one, 
which can then be compared with 
the same diagrams maintained in the 
operator's manual. 

When the system was first started 
up, it controlled 46% of the total 
plant electrical load. Now it controls 
38%. The 8% difference represents 
the savings on power usage, the 
bonus received by Masonite Corp in 
addition to reducing its demand 
charge. Because only five of the six 
shed and restore points on the 
programmable controller were used 
at Laurel, there is still room to fine 
tune and expand the system. 

When Masonite Corp engineers 
first became immeshed in this 
project, they found it was important 
to concentrate on areas with the 
heaviest loads and then work back, 
instead of trying to control demand 
on the entire electrical load at once. 
Too often, plant engineers run out 
and buy a demand-control system 
before they know precisely what they 
are going to control. 

Savings achieved. Since the system 
at Laurel was started up, demands 
during the first year were reduced 
4500 kW, saving Masonite Corp at 
least $220,000; demands were lim- 
ited even more in the second year. 
Demand reduction has been 
achieved without any loss of produc- 
tion or product quality and, in fact, 
operating efficiency has increased. 

A bonus observed during the past 
year has been an actual drop in 
electrical energy use as a result of 
more efficient operation at various 
load centers. This has saved an addi- 
tional $144,000 per year. So the 
system that cost the company 
$50,000, (programmable controller, 
meter relays, strip chart recorders, 
and other associated electrical equip- 
ment and wiring) paid for itself in 
less than three months. m 
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FMC COFFIN TURBO PUMPS INVITE YOU 
TO MAKE A BREAK WITH TRADITION. 


` Look closely and see why you don't 30 per cent lower for 900 PSI For complete information, contact 
need two sources for one industrial boilers. And our design has proven FMC Corporation, Turbo Pump 
boiler feed pump system. reliable in nearly 10,000 | Operation, 326 South Dean Street, 
The difference is that both a pump installations worldwide, and it's Englewood, New Jersey 07631. 
j а раскеа Бу 24-һоиг геѕропѕе оп Phone: (201) 568-4700. 
and a turbine are packaged in one ооо Telex: 135335 
integral unit. Some manufacturers urs due i 
make only the pump, and buy the In case your heat balance requires | 
turbine elsewhere. At FMC Turbo motor drive, a Coffin Turbo Pump <b IVIC 
Pump, we design and build the System makes great sense for 
entire system. standby service. It takes up half the 
Look closer yet. The pump assembly space, requires a lighter foundation, CIRCLE 35 ON READER SERVICE CARD 


has remote fast start capabilities, 
and you can forget coupling 
alignment problems. 


and turbine are mounted on a single 
rigid shaft. Most pumps require 
another shaft, plus coupling, for 


1 : . BI. ка ты" 2 
hookup to the turbine. Our simple So before you buy or specify, Oo WEBS oo = 
design eliminates all that. There are compare what you see here to what کر‎ бесе y 


no couplings, only one or two pump you don't see on other boiler feed 
stages, and fewer rings and sleeves. pump systems. You just may want to 
So there's less to service and fewer make a break with tradition. 
parts to repair. 


Coffin Turbo Pump simplicity also 
means lower initial cost. As much as 
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Make your boiler room pay for itself... 
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Are you overwhelmed with energy savings claims for boiler room equipment; skeptical that 
those claims can be substantiated? Don't ре... your steam demands is as high as 2500 
or as low as 30 boiler horsepower, we welcome the opportunity to show you how 
the Clayton Steam Generator can make your boiler room pay for itself. 


The energy savings potential of our equipment can be shown theoretically by the following 
means: 


1) Case Histories 
2) Independent Test Result Comparisons 
3) In-plant survey of your operations 


Once these savings have been calculated, our new Clayton Investment Analysis Computer 


Program can show you how they can be translated into substantial after-tax cash 
flow advantages for your company. 


If you are the boiler room engineer, plant manager, corporate energy manager, or chief 
executive officer, you can't afford NOT to investigate the energy economy of a Clayton 
Steam Generator. Call or write today for complete information. 
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Please send complete literature 607 
О Please have your representative contact me 


Name Title 
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CLAYTON MANUFACTURING COMPANY 
City State Zip 465 No. Temple City Boulevard 
EI Monte, California 91731 


Telephone 
E ee ا‎ 
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Most gas turbine regenerators help 
save fuel costs. Some perform well 
inheavy duty, continuous operation. 
But Garrett heavy duty regener- 
ators give you high-efficiency plus 
high-cycle plus long life plus virtually 
maintenance-free performance. 
And when you consider total life- 
cycle costs, it may just be the best 
buy there is, too. 
HIGH-EFFICIENC Y PERFOR- 
MANCE. Depending on the applica- 
tion. Garrett Heavy Duty Gas Turbine 
Regenerators can save from 25% to 
40% of the fuel normally used in 
simple cycle turbine operations. 
Pressure drop is minimal (as low as 
3.0% Delta P/P). Operational effec- 
tiveness ranges up to 90.0%. depend- 
ingontheengine/regenerator 
matching. Fast start-up means no 


The Garrett Corporation 
One of The Signal Companies @ 


need a 
vy duty, 


did 
gas turbine 


call Garrett. 


wasted fuel to bring the system on 
line. 


LONG-LIFE CONSTRUCTION. 


Our unique stainless steel cores. with 
fins brazed into both air and gas pas- 
sages. last far longer than ordinary 
low-alloy regenerators. resulting in 
lower life-cycle costs. Even under 
high cyclic operation of 250 starts/ 
year. a Garrett Regenerator can op- 
erate for 120.000 hours—or a 
trouble free lifetime of 15 to 20 years. 
SAFER, MAINTENANCE-FREE 
DESIGN. Because the internally in- 
sulated casing runs cool. theres no 
burn hazard to personnel. Garrett 
Hegenerators are designed to oper- 
ate for up to 20 years without any 
scheduled overhaul or repair. Theres 
ample access for inspection and any 
routine preventative maintenance. 


| 
| 


ation at t Texas Eastern Gas Transmissio Campane Danville, Kentucky, 


MODULAR CONCEPT. Six core 
units make up one building block of 
the regenerator. These stackable 


^6-packs are bolted together on- 


site to match turbine applications 
from 5.000 to 120.000 horsepower. 
Theyre shippable by air. rail. ship or 
truck. 

CALL NOW. Whether youre plan- 
ning to purchase new turbines. retrofit 
existing engines, or replace regener- 
ators you now have. nows the time 
to talk to the energy management 
experts at Garrett about how our 
Heavy Duty Hegenerators can help 
save fuel and cut operating costs. 
Call (213) 323-9500: or write: Man- 
ager. Heat Transfer Systems Sales. 
AiResearch Manufacturing Company 
of California, 2525 W. 190th St.. Tor- 
rance. CA 90509. 
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The energy savers 


CIRCLE 37 ON READER SERVICE CARD 


She editors of Inside О. O. E. announce 


а пеш putlication 


SynFuels 


The editors of McGraw-Hill’s /nside D.O.E. invite you to be- 
come a charter subscriber to SynFuels, an exclusive weekly re- 
port from Washington on synthetic fuels and what the Federal 
Government is doing to get synfuels developed and into pro- 
duction. 


President Carter has set a production target of 2.5-million 
barrels/day of synfuels by 1990 and has proposed creation of 
the Energy Security Corp. to manage the massive effort it will 
take to get there. 


This may or may not be arealisticor attainable goal. But, 
when the smoke settles over Carter's initiative, over the 
environmentalists' objections to it, and over Congress' in- 
evitable alteration of it, the U.S. will be pointed in a 
truly new direction on energy — with price-and-supply 
ramifications that will be felt worldwide. 


Just what the development of a truly significant synfuels in- 
dustry means to the U.S. was perhaps best summed up by an 
oil-and-gas industry executive this month in testimony to a 
Congressional committee: 


Sign me up as a charter subscriber—a full year's 
subscription at only $225 (a $50 saving). 
Outside U.S. and Canada—$250 (a $50 saving). 


Name & title 
Affiliation 
Address 

City/State/Zip 


C 
со 


Yes, I want to see SynF uels 


beginning with the very next issue 
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Lue an a P ei 


"Without a technologically and economically viable 
industry to produce gas and oil from the nation's wide 
variety of coal reserves within the next 10 years, the 
economy of the U.S. will be in desperate straits.” 


SynFuels, with its total focus on synthetic fuels, will be your 
“bible” on the development of this new industry and on what 
Is going on in the halls of Congress and the Executive Branch 
to get synfuels into position to make a real contribution to U.S. 


energy supply. 


This is your invitation to become a Charter Subscriber 
to SynFuels for only $225/year ($250 outside the U.S. 
and Canada) — a $50 saving. 


To order your Charter Subscription simply fill-in and speed 
back to us the Charter Subscriber Form below. Or call Barbara 
Hall, subscriber relations manager, toll-free at 800-223-6180. 
(From a New York phone call 212-997-6410.) 


But hurry — the first issue of SynFuels went into the mail 
on August 1 and you should be seeing every issue. 
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Power plant operators 
are confronted today with 
utilizing and managing heavier, 
lower-quality fossil fuels in steam 
boilers, diesel engines, process 
heaters, and gas turbines; avoiding 
costly corrosion, deposition, and 
energy waste, and complying with 


stringent environmental restrictions. 


Its not easy. 
But Tretolite can help, with the 


Energy Extenders... industrial fuel- 


treating chemicals and technology 
that alter crude oils, residuals, and 


contaminated distillates to minimize 


maintenance, downtime, and 
equipment expenses in all phases 
of fuel usage. 


Pre-combustion 
TOLAD* Fuel Additives from 
Tretolite disperse the sludge and 
sediment that restrict flow, plug 
lines and strainers, diminish pre- 
heater performance, and foul 
nozzles. TOLAD Cold Flow 
Improvers facilitate the winter 
storage and handling of heavy 
fuel oil. X-CIDE* Industrial 
Bactericides stymie the growth 
of corrosion- and sludge-causing 
bacteria in water associated with 
fuels. KONTOL* Corrosion 
Inhibitors prevent corrosion of 
pipes, pumps, valves, and other 
metal parts. TRET-O-LITE* 
Demulsifiers aid the removal of 
water from fuel, either in treating 
systems or through static 
separation in tanks. 


Fireside 

In hot parts of equipment, 
metallic impurities create deposits 
which impede heat transfer and 
cause high-temperature corrosion 
and refractory damage. Oil-soluble 
KONTOL Corrosion Inhibitors— 
based on magnesium, aluminum, 
and silicon—reduce these 
problems by modifying the 
composition of the combustion 
products to effect dry,non- 
tenacious ash which is not 
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Tretolite The 


additives for 


Ene 


retained in the equipment. 
Recommendations are based on 
contaminant levels in the fuel for 
the most efficient and effective 
application. Manganese-based 
KONTOL Combustion Improvers 
allow minimum excess air 
operation to accomplish the same 
results. 


Post-combustion 
Cold-end corrosion, caused by 
SO2-SO3 conversion and sulfuric 
acid from sulfur-containing fuels, 

is prevented by appropriate 
KONTOL additives which 

interfere with formation of SOs, 
lower the dew point, and react with 
the sulfuric acid to neutralize it. 


Turbine Fuel 
Treating 


TRET-O-LITE Demulsifiers are 
available in a wide variety of 
formulations to meet individual 
treating requirements in fuel- 
water washing systems for 
removal of water-soluble salts. 
Oil-soluble KONTOL High- 
Temperature Corrosion Inhibitors 
are injected into washed fuels to 
produce properly inhibited stable 
fuels suitable for use in gas 
turbines. These high-quality 
materials are specifically designed 
to meet manufacturer's warranty 
requirements. Unwashed fuels 
containing low levels of alkali- 
metal contaminants may be 
inhibited by certain KONTOL 


PETROLITE 


CORPORATION 


y 


additives to forestall sulfidation 
and vanadic corrosion. 


Supplemental 
Water Treating 


Water used in stack gas scrubbers, 
cooling and effluent water 
systems can be efficiently treated 
—with TOLFLOC* Flocculants, 
TOLSPERSE* Dispersants, SP* 
Scale Preventives, KONTOL 
Corrosion Inhibitors, and X-CIDE 
Bactericides—to restore it to 
specified standards for recycling 
or discharge. 


Technical 
Assistance 


In addition to sales and distribu- 
tion centers in major industrial 
areas, Tretolite's technological 
resources and capabilities 
comprise 60-plus years 
experience in treating fossil 
fuels, with more than 1600 
scientific patents issued to the 
corporation. All Tretolite products 
are backed by extensive research 
facilities and trained specialists 
to supply technical assistance. 
Reliable analyses, surveys, and 
recommended treatment data 
are provided without charge. 


Call or write your nearest 
Tretolite office for details on the 
Energy Extenders...and the 
engineered solution to your fuel- 
treating problem. 

*Registered Trademark, Petrolite Corporation 


DIVISION 


369 Marshall Avenue/Saint Louis, Missouri 63119, U.S.A / 
314-961-3500 


Petrolite Limited/137 Finchley Road/London NW3 6JE, England/ 
(01) 586-1251 


Petrolite France S.A./2 Rue de Penthievre/Paris 8e, France/ 


265-90-80 
Offices and representatives in 
Bilthoven, Buenos Aires, Cairo, 
Calgary, Caracas, Dubai, Kuwait, 
Madrid, Maracaibo, Mexico City, 
Rome, Singapore, Sydney, 


Petrolite GmbH/Rissener Dorfstrasse 51/2000 Hamburg 56, 
W. Germany/040-81-80-35 


Petrolite-Saudi Arabia Ltd./P.O. Box 304/AI-Khobar, 
Saudi Arabia/41069 


Tokyo Petrolite Pacific Pte. Ltd./No. 2, Tanjong Penjuru 
Crescent/Jurong, Singapore 22 
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Martek makes it easier... 
for data acquisition . . . 


Martek offers numerous rugged, easy-to-use data acquisition and retrieval systems for 
use with air and water quality monitors, process control Systems, and meteorological, 
geophysical, and laboratory instruments. Among the more advanced systems: the Model 
DMP, a microprocessor-based data acquisition System designed specifically for the 
collection of air quality and meteorological data. 


£5 E EF 


or water quality measurement... 


Name your parameter: temperature, conductivity, salinity or temperature-corrected 
conductivity, depth, dissolved oxygen, pH, specific ions, or turbidity. You can measure 
it easier in fresh or sea water to depths of 300 meters, with a Martek Mark Series 
In Situ Water Quality Monitor. 


" MARTEK INSTRUMENTS,INC. 


17302 DAIMLER ST. e P.O. BOX 16487 • IRVINE, CA 92713 • PHONE (714) 540-4435 e TELEX 692 317 
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Reclaim more energy 
from plant waste heat 


The binary Rankine cycle uses steam and 
refrigerant as working fluids to reclaim low-level 
waste heat from stacks, condensing vapors, and 
hot liquids in a one-plus-one-equals-three strategy 


By R K Rose and D D Colosimo, Mechanical Technology Inc 


The selection of a Rankine cycle for 
bottoming low-temperature waste 
streams is straightforward. Although 
other thermodynamic cycles such as 
the Stirling and Brayton can achieve 
higher efficiencies, as shown in Fig 
1, they are not applicable at low 
temperatures. The Rankine cycle 
offers the highest thermodynamic 
potential in the range of interest to 
electric utilities and many industrial 
companies. 

Use of the Rankine bottoming 
cycle is limited by some economic 
considerations which relate to the 
temperature of the heat source and 
to the overall size of the system. For 
example, as the waste-source tem- 
perature decreases, the price of a 
bottoming cycle increases. This is 
simply a reflection of the thermody- 
namics: The lower the temperature, 
the less the power that can be deliv- 
ered for a given amount of heat- 
transfer surface and installed turbo- 
machinery. 

The overall size of the system, as 
reflected by the quantity of waste 
heat at a given source temperature, 
also affects the unit cost of a 
Rankine cycle. A portion of system 
costs is fixed or is relatively insensi- 
tive to unit size. Thus, as these fixed 
costs are spread over a larger system 
base, the unit cost of a bottoming 
cycle decreases. Currently, a unit 
installed cost of from $1000 to 
$1200/kW is anticipated for produc- 
tion systems. 
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The perception of the economic 
market distribution affects the selec- 
tion and design of a Rankine 
bottoming cycle, as shown in Fig 2. 
If the market is at high tempera- 
tures, a steam Rankine system is the 
obvious choice; if the market is at 
low temperatures, an organic Ran- 
kine system based on the convention- 
al refrigerant fluorocarbons is the 
choice. In the mid-temperature 
range, however, the Rankine-cycle 
fluid choice is not as obvious as you 
might think. 

Hydrocarbons and some exotic 
fluorocarbons present some very 
attractive thermodynamic and aero- 
dynamic incentives. However, the 
actual and perceived risk of these 
fluids because of their flammability, 
toxicity, availability, and/or cost, 


. makes a binary Rankine cycle based 


on the use of steam and a fluorocar- 
bon refrigerant attractive. 

The binary Rankine cycle satisfies 
an identified market—that is, heat 
recovery from the diesels at munici- 
pal electric-utility plants—and pro- 
vides the basis for demonstrating 
three Rankine system concepts as 
shown in Fig 3. The binary Rankine 
cycle satisfies the mid-temperature 
range waste-heat market. 

Bear in mind that, since the steam 
portion of the binary Rankine cycle 
interacts with a hot gas stream, it 
provides the basis for serving the 
high-temperature stack-gas. And, 
since the organic portion of the cycle 
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interacts with a condensing stream 
at low temperature, it can serve the 
low-temperature waste streams char- 
acterized by condensing vapors and 
hot liquids. This one-plus-one- 
equals-three approach uniquely posi- 
tions the Rankine bottoming cycle 
for serving the full range of indus- 
trial waste-heat streams. 

Engineers have identified numer- 
ous other characteristics that a 
successful Rankine bottoming cycle 
must possess in order to serve the 
industrial waste-heat market. To 
illustrate: Bottoming cycles will be 
rather small in total capacity, rang- 
ing from 500 to 4000 kW. The econ- 
omies-of-scale indicate that Rankine 
cycles of this size must be highly 
efficient and be designed and built as 
an off-the-shelf system. Custom en- 
gineering would make the units 
totally uneconomic; extensive field- 
erection. requirements would also 
destroy the cycle's economic feasibil- 
ity. 
Rockville Centre. In April 1976, 
the Energy Research & Develop- 
ment Administration (now DOE) 
awarded Mechanical Technology 
Inc (MTI) a contract to design, 
develop, test, and demonstrate a 
binary Rankine cycle. The binary- 
cycle concept is viewed as serving 
small-scale waste-heat flows in the 
temperature range from 400 to 
700F. In this range, neither steam 
nor common fluorocarbons are effec- 
tive as- single-fluid systems. Small 
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Evaporator 


Application: 250-500 F 
Source: 500-2000 kW 
Size: Process streams 


400-800F 
500-2000 kW 
Diesels, stacks 


3. System criteria reveal benefit of organic cycle to industry 


Exhaust 
stack flow, 333F 


Heat-recovery 


Economizer { 
boiler 


Superheater | 
50 psi/ 430F 


520F 


15.6 psia/245F 


Refrigerant 
vapor generator 


“ 


Refrigerant loop x 


steam systems have both thermody- 
namic and mechanical design prob- 
lems; the common fluorocarbons 
have fluid stability problems. 

Last March, MTI officially dedi- 
cated the first installation of a bina- 
ry Rankine cycle on a municipal 
electric-utility diesel plant. The mu- 
nicipality is the village of Rockville 
Centre, located on Long Island, NY, 
about 10 miles from Kennedy Air- 
port. The overall installation is 
shown in Fig 4. The Rankine system 
can operate from either or both of 
two diesel engines, each 5.5 MW. 
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7OOF and up 
1000-4000 kW 
Gas turbines, stacks 


5. New York plant 
generates an extra 
500 kW with 
bottoming cycle 


Steam loop q 
Generator 
1800rpm Steam 
turbine 


4160 V 500 kW 


ООШУП 


` 
0 AC | 


16.5 
psia/87F 


67F 


Condenser | water 


61F 


The actual cycle state points 
utilized in the binary demonstration 
are shown in Fig 5. The steam loop 
interfaces the hot exhaust gas with a 
heat-recovery boiler that is well 
within the state-of-the-art. In this 
system, the 520F exhaust from the 
diesel is reduced to 333F. A lower 
exhaust temperature from the boiler 
is feasible, but MTI engineers chose 
to pick conditions which would total- 
ly avoid the potential of stack 
condensation. A feature that reduces 
the potential of condensation, pro- 
vides natural deaeration, and elimi- 


Cooling 


4. Binary Rankine cycle as installed at Rockville Centre 


nates both an efficiency loss and an 
extraction heat exchanger is the 
return of the steam condensate to 
the economizer at 215F. 

Steam from the boiler is expanded 
through a high-speed (42,200 rpm), 
high-efficiency (85%), single-stage 
radial in-flow steam turbine. The 
steam exits the turbine at 1 psig and 
is condensed by the fluorocarbon 
refrigerant, R-11. The fluorocarbon 
vapor is expanded through a single- 
stage radial in-flow turbine and exits 
at 2 psig. The vapor is condensed by 
cooling water from a cooling tower 
which is included in the total pack- 
age. The avoidance of subatmos- 
pheric pressures simplifies the non- 
condensable-gas removal systems 
and keeps the machinery and piping 
sizes small. 

Operational control of the system 
at Rockville Centre was transferred 
to the municipality in late summer, 
after completion of system shake- 
down testing and minor modifica- 
tions required by changes in the 
operational procedures at the utility 
over the past year. The transfer of 
control marked the start of a three- 
year demonstration effort. m 


MTI is participating with DOE in two 
Rankine system demonstration pro- 
grams. The first is the binary Rankine 
cycle demonstration at Rockville Cen- 
tre and the second is a cooperative 
venture program designed to demon- 
strate organic, steam, and binary 
Rankine systems. 
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1-2. Fume duct from phenolic treaters enters boiler room via 
roof (above). Burner front and control panel of the No. 6 steam 
generator are shown at right after retrofit. 


Burning process fumes saves fuel 


Fume incineration system captures process exhaust for 
reuse as combustion air, cutting fuel costs and also 
ending an emissions problem. Efficient control is key 


At Nevamar Corp's phenolic treat- 
ment plant in Odenton, Md, process 
exhaust doubles as combustion air to 
eliminate emissions and reduce fuel 
costs. Exhaust fumes from three 
phenolic treater ovens are diverted to 
two plant boilers (Fig 1) to provide 
the combustion air. 

Fumes incinerated. The high- 
temperature fumes contain minute 
traces of hydrocarbons, which are 
highly desirable for combustion pur- 
poses. The hydrocarbons are inciner- 
ated (oxidized) in the boiler furnace 
and exit the stack as carbon dioxide 
and water. Using the air twice, once 
in the process and again in the two 
boilers, reduces the total amount of 
heat exhausted to atmosphere, there- 
by lowering overall plant heat losses 
and saving on fossil fuel. 

The system was designed and 
installed by Power & Combustion 
Inc. The retrofit entailed: (1) instal- 
lation of ductwork and fans for 
conveying process exhausts to the 
boiler room (Fig 2), (2) modification 
of two existing boilers required by 
the new high-temperature combus- 
tion air, (3) addition of a burner- 
management system (Fig 3), and (4) 
updating of combustion controls for 
safety and efficiency. 

Incineration system operation. Ex- 
hausts from the three process units 
are ducted to the roof of the boiler 
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room, where they enter the forced- 
draft (FD) fan inlets. Boiler furnace 
temperatures and residence times 
are suitable for incineration of the 
hydrocarbons in the exhausts, which 
are burned along with the boiler 
fuel. When boiler load increases 
combustion air demand above that 
supplied by the exhausts, outside air 
is admitted to make up the differ- 
ence. Outside air is required only 
when one or more of the process 
units are shut down. 

During periods of low steam 
demand, the exhaust volume exceeds 
the volume needed for combustion 
air. To prevent leakage of hydrocar- 
bons during these periods, the No. 6 
boiler was modified to include an 
incineration zone within the furnace. 
(Leakage is caused by reduced 
furnace temperatures that accompa- 
ny low firing rates with high excess 
air, which can also quench the fires.) 
Excess exhaust is injected into this 
zone for incineration of the hydro- 
carbons. 

Controls for the boilers are of the 
full-metering type with cross-limit- 
ing capability. Combustion-air con- 
trols are split-ranged to draw process 
exhausts in preference to outside air. 
Each combustion air source is fitted 
with its own damper and drive. 

A separate control loop maintains 
atmospheric pressure at process unit 


exhausts (1) by diverting excess 
exhaust fumes to the incineration 
zone of the No. 6 boiler, or (2) by 
limiting the opening of the dampers 
controlling process exhausts entering 
the FD fans. 

Diverting dampers. Each phenolic 
treater is fitted with dual dampers 
for diverting the exhaust to the boil- 
er-intake-system ductwork. The 
dampers are connected by a linkage 
to a common diaphragm-type pneu- 
matic actuator. The actuator is a 
spring-return unit, arranged for di- 
verting the exhaust to atmosphere on 
air failure. 

LEL analyzers. In the event of a 
"spill" in one of the process units 
(that is, a large increase in the 
hydrocarbon content of the exhaust), 
the unit's dampers are tripped and 
the oven is shut down. The trip func- 
tion is accomplished with LEL (low- 
er explosive limit) analyzers in- 
stalled on the process units. A fourth 
LEL analyzer monitors combined 
streams from all process units to 
provide redundant protection. 

Oxygen analysis. The presence of 
varying amounts of hydrocarbons in 
the combustion air required an 
oxygen-trim system to adjust the 
air/fuel ratio for minimum excess 
air firing. A spill could add enough 
hydrocarbons to alter the air/fuel 
ratio by 20%— without tripping via 
the LEL analyzers. Also, hydrocar- 
bons combine with oxygen in the 
furnace to reduce the amount of 
oxygen available for combustion. 

To obtain a control loop that 
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3. Fume incineration system diverts process exhaust to boilers 
via ducts to eliminate emissions and reduce fuel costs 


*The sum of these three flows equals the total fume steam from the treaters under normal 
operating conditions. 


12,000 scfm at 270F 


Induced- 
3 draft fan 36 in. x 36 in. 
E conomizer 
(existing) Draft 21,600 scfm 
controller at 270F 


Boiler No. 7 
| (existing) 


Under-floor fan 


Boiler No. 6 32 in. x 32 in. 


(existing) 


Forced- | 
draft fan 


Forced- 
draft fan 


250-psig 
steam 


0-15,600 scfm 
makeup air from 


=< boiler room 


250-psig steam 
44 in. x 44 in. 


0-15,600 scfm 
makeup air from 


boiler room 


3120-18,300 scfm at 270F* | 1810-18,100 scfm at 270F* 


exhaust volumes are far lower than 
the volumes needed for combustion 
air, the fan used to inject excess 
exhaust fumes into the incineration 
zone of No. 6 boiler is shut down. To 
prevent leakage of furnace gases into 
the ductwork (damper leakage 
creates negative pressures in the 
ductwork), a vent damper admits 
outside air to offset the leakage and 
provide a light air flow into the 
incineration zone. 

The outside air used for combus- 


compensated for both these factors 
required the addition of a zirconium- 
oxide analyzer. Gas flowing through 
the analyzer is heated to a tempera- 
ture high enough to ignite hydrocar- 
bons. The analyzer output is a "net" 
oxygen value proportional to what is 
available for boiler firing. This 
provides a signal for modifying the 
air/fuel ratio. 

Further precautions. During oper- 
ation on outside air when process 
exhaust is not available, or when 


Exhaust 


fan fan 


5400 scfm at 200F 
4200 scfm at 200F 


24 in. x 30 in. 
Condensate 


44 in. x 30 in. 


Instrumentation and control 


Boxes denote damper drives 


FT — Flow transmitter 

PI — Pressure indicator 

PT — Pressure transmitter 

TC — Temperature control 

TT — Temperature transmitter 

TR — Temperature recorder 

OA — Oxygen analyzer 

HA — Combustion analyzer 
LEL — Lower-explosive-limit analyzer 


tion air makeup is preheated with 
steam to prevent cooling of the 
blended process exhausts, which 
could cause condensation of hydro- 
carbon vapors. Also, the higher 
temperature air is required to pre- 
vent overloading of fan motors. 
Results to date have been gratify- 
ing. Yearly savings in boiler fuel 
have ranged generally between 4 and 
8% since the January 1976 startup. 
Visible emissions from the treater 
ovens are no longer objectionable. m 


Exhaust 


Boiler upgrading improves efficiency 


Pulp mill installs new burners and a burner-management system on its power boiler, 
and switches the primary fuel from natural gas to wood waste—a plant byproduct 


Northwood Pulp Ltd operates a 750- 
ton/day kraft mill in Prince George, 
British Columbia which was de- 
signed in the early 1960s to operate 
on purchased electric power and to 
use natural gas as a major fuel stock. 
Energy costs were extremely low 
when the mill was started up—5 
mils/kWh and 406/1000 cfm, re- 
spectively. However, the mid-1970s 
energy crisis quickly became evident 
in mill operating costs, which rose 
alarmingly. Thus, efforts to reduce 
energy costs received top priority. 

Energy committee findings. To 
better define areas of energy wast- 
age and establish programs for elim- 
inating them, an energy committee 
was established in the mill. On 
reviewing energy costs, the group 
immediately focused on high natu- 
ral-gas usage and cost. 

When it discovered that roughly 
60% of all the natural gas consumed 
by the mill was burned in the power 
boiler, this unit came under close 
scrutiny (see equipment list, follow- 
ing page). It was designed to burn 
natural gas primarily, although hog 
fuel — considered a nuisance byprod- 
uct initially —could be burned in 
addition, on a water-cooled pinhole 
grate, to yield a steam rate of 
250,000 Ib/hr. 

Because the hog fuel is essentially 
free, however, a simple plan was 
established to fire the boiler primari- 
ly with this wood waste. When the 
rate of hog firing was increased, two 
obvious shortcomings of the power 
boiler were observed: 

ш At hog-burning rates in excess 
of 240,000 Ib/hr, particulate emis- 
sions became excessive, resulting in a 
black stack condition that exceeded 
British Columbia's particulate limit 
of 0.15 gr/scf. 

= As the percentage of hog-fuel 
firing was raised, boiler control 
became increasingly difficult. The 
mills turbine/generator — installed 
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in 1973 to reduce the electrical 
import needs of the mill—aggra- 
vated the problem. Because the boil- 
er was designed to use natural gas as 
the primary fuel 75,000 lb/hr of 
gas-generated steam was needed to 


assure steady steam pressure to the | 


turbine/generator. 

To overcome these and other 
shortcomings, a boiler-improvement 
program was developed by a mill- 
wide task force ranging from boiler 
operators to mill manager. This 
group provided diverse inputs on 
boiler operation, which are valuable 
in putting together a workable 
program. 

Initial boiler objective. Although it 
was agreed that the boiler should be 
modified to burn 100% hog fuel, the 
precise firing rate could not be easily 
defined. It was necessary, therefore, 
to determine the hog-burning capa- 
bilities of the unit. To achieve this, 
the boiler manufacturer was com- 
missioned to restudy its equipment. 

The study indicated that the boiler 
was not quite capable of meeting the 
permit discharge limit for particu- 
lates when producing a total of 
300,000 Ib/hr of steam with 250,000 
lb/hr from hog fuel. Moreover, when 
firing at rates of 400,000 lb/hr, with 
330,000 Ib/hr coming from hog fuel, 


particulate emissions were more 
than twice the allowable limit. From 
this information, engineers thought 
that a realistic objective for the boil- 
er would be to produce approxi- 
mately 300,000 Ib/hr of steam from 
hog fuel. 

Specific improvements. To help 
reduce particulate emissions from 
the boiler, the original overgrate air 
fan, unused for several years, was 
put back into service. Also, a contin- 
uous particulate monitor was in- 
stalled on the stack, allowing mill 
personnel to study the factors 
influencing emissions. 

New burners and a new burner- 
management system were installed 
in mid-1978 in order to improve boil- 
er operation (see box and photo). 
The modification would, in time, 
enable the power boiler to run on 
almost 100% hog fuel. 

At that future stage, the need for 
better combustion controls for hog 
fuel would be evident. It was planned 
to have these controls installed by 
the end of 1979. By 1980, emission- 
control devices (if they are needed) 
would be selected, based on maxi- 
mum hog-fuel firing. 

Results to date. The most encour- 
aging aspect of the program thus far 
has been the major reduction in 


New burners are installed at Northwood to improve performance 


particulate discharges from the boil- 
er. When hog-burning rates were 
initially increased above 240,000 
lb/hr, very little could be done, it 


appeared, to prevent black stack 
conditions. However, at hog-burning 
rates now approaching 300,000 
lb/hr, boiler emissions are routinely 
meeting the 0.15-gr/scf permit limit. 
Two main reasons for this improve- 
ment: 

= Operator involvement. It was 
recognized from the start that the 
operators were the most knowledgea- 
ble about boiler problems and that 
their involvement would be invalua- 
ble. They were quite willing to study 
and attempt to control the variables 
that affected emissions, especially 


from burning hog fuel, and experi- 
mented on their own. 

= Continuous particulate monitor 
installed on the stack supplied emis- 


28,000 Ib/hr at 625 p. 


Two sections, three fields per section. 
Recovery-boiler sootblowers, 94. eee 
. Retractable type See 


gas ı or oi 250, ‚000 0 Ib/hr at 640 psi 
alone on water-cooled pinhole grate ( 


gge 
Gas/oil capability now, 


Hogged-fuel-boiler sootblowers,8 ............... 
Retractable type 


Auxiliary boiler, 1 ............ 
` 120,000 lb/hr at 630 pec ٤ 


неазаваннаа 


Aula Belle burner, 1 . "s 


Gas/No. 2 oil 


Turbine / generator and auxiliaries 
v Turbine/generator, 1. 


ae wevsssesapusex 


of 65-psig steam, 3600 rpm 


Condensate and feedwater systems 
Pressure filters, 4 .......... 
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~ ra 1750F, eight pe auxiliary burners — 
Recovery-boiler electrostatic precipitator, 1. Research-Cottrell Inc 


wi h steal ets for ash removal, three боодой fuel f feeders deliver А 


: wood fines in future 
Hogged-fuel-boiler burner-management system* . 


_ Riley Stoker Corp 


: e Stal-Laval Turbin AB 
28,000 kW, 640 psig’ 750F, 80-psig back pressure, 180-psig extrac- 
tion steam, balancing condenser designed to handle 100, 000 lb/hr 


............... Graver Water Conditioning Co 


sion data which showed the effect of 
changes in boiler operation; it also 
allowed for boiler characterization. 

Boiler trial results. Major factors 
learned from boiler trials to date: 

ш A straight-line relationship ex- 
isted between hog fuel consumption 
and particulate emissions during 
steady loads. The boiler apparently 
was capable of meeting the permit 
limit for particulate emissions under 
stable conditions, which led to 
further studies into what variables 
caused the higher emissions. 

= Boiler load swings were found 
to have a detrimental effect on emis- 
sions. Rapid increases in boiler load 
caused a temporary depletion of 
excess air, which brought about 
black stack conditions. The problem 
does not appear to be difficult to 
rectify. 

= Sootblowing, as well as blowing 


_ |. Coen co 
Copes-Vulcan Inc 


Coen Co 


аоазазоанана 


system 


xr 27 е 


Service-water pumps, 4 4 
Each vertical-lift type, 8200 gom 


Reactor/clarifier, 1 `___....................-----Өгамег Water Conditioning Co 
175 ft diameter, 22 ,200-gpm design flow with 3-hr retention time 


Pressure filters, 6 ........ 
Multimedia type (sand and anthracite coal) complete with air-scour 


the grates during the cleaning proce- 
dure, resulted in abnormally high 
particulate emissions. Since the du- 
ration of these operations is not long, 
they can most likely be covered 
under the permit conditions, which 
allow a certain period of upset time 
every 24 hr. 

= Loss of hog fuel was found to 
contribute to high emission rates. As 
the fuel supply dropped, undergrate 
air had a tendency to lift the burning 
bed and cause suspension burning. 
The problem appears to be simple to 
eliminate. 

B Emissions can be reduced by 
limiting excess O; to the 7% range 
rather than the normal 10%. Im- 
proved instrumentation and control 
logic needed to maintain the air 
supply more closely should allow 
lower levels of excess О», perhaps 
even down to 3 or 4%. 


ene Himsly Engineering Ltd 


2 _ Johnston Ритр Со 


Lees Graver Water Conditioning Co 


Compressed-air system 


Air compressor, 1 .... 
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1940 cfm at 100 psig — 
Air compressors, 2 ........-eeeemÓÁmemem 


.......... Atlas Copco Inc 


Atlas Copco Inc 


Each 1940 cfm at 40 psig 


*Equipment added during boiler-upgrading program described in 


article 
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Mid-size plant puts coordinated effort 


into energy management and retrofits 


Elliott Co's Jeannette plant, expending nearly a trillion Btu/yr, 


found that it was too big for intuitive and isolated decisions on 
energy. Organized planning, already paying off, promises optimum returns 


By Karen J Lewis, Elliott Co 


Like many other manufacturers, 
Elliott Co has felt the crunch of 
rising fuel costs and limited fuel 
supplies. Elliott's plant at Jeannette, 
Pa, manufactures energy equipment, 
including air and gas compressors, 
steam turbines, and gas expanders 
and turbochargers. Over 550 ma- 
chine tools, 30 heat-treat furnaces 
and ovens, testing facilities, and boil- 
ers with combined capacities in 
excess of 225,000 lb/hr occupy 
about 1-тіШоп sq ft of space. The 
plant employs 2300. 

In 1978, energy consumption was 
nearly 1-trillion Btu for process and 
nonprocess operation. High fuel 
costs and certainty of escalation in 
the future made Elliott realize that a 
well-organized effort is necessary to 
ensure efficient use of energy and to 
reduce overall consumption. 

At one time, energy conservation 
at Elliott had been on an uncoordi- 
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nated basis. As in other companies, a 
management-by-crisis attitude had 
often been the response to fuel-oil 
embargoes, coal strikes, and natural- 
gas shortages. For example, during 
curtailment periods, employees 
would become conscientious about 
turning off lights, shutting down 
equipment not in use, and lowering 
thermostats —all to ensure fuel for 
continued plant operation. Unfortu- 
nately, once the crisis was past, 
reversion to old ways occurred. 

Adding to the Jeannette plant's 
problems is its dependence on No. 6 
oil and gas. This dates from 1971, 
when the coal-fired boilers were 
converted to operate on gas or No. 6 
oil, to meet EPA standards and to 
avoid strike-caused shortages. Con- 
version was completed just before 
the 1973 oil embargo. 

The energy-conservation effort 
improved slowly. In 1973, capacitors 


to improve power factor were 
installed at the transformers. In 
1977, two on-site gas wells were 
drilled, yielding substantial reserves 
for backup of regular sources. Feb- 
ruary 1978 saw startup of a steam- 
turbine/generator, producing 20% of 
plant electrical load by steam expan- 
sion from 650 psig to the 150-psig 
level for the plant. The unit is 
economical to run only in winter 
months, when need is high for 150- 
psig nonprocess steam. 

In 1977, Elliott also organized a 
task force of departmental managers 
to discuss problems, and possible 
solutions, of increasing plant energy 
demands, consumption, and costs. 
The decision was to assign a 
mechanical engineer as energy coor- 
dinator, with full-time responsibility 
for energy conservation (Fig 3). 

A comprehensive energy audit was 
naturally the first step in a planned 


1. Upgraded lighting in the rotor division increased level from 
20 to 70 foot-candles while cutting electric use by 50% 


2. 600-psig steam traps are high-pressure concern of energy 
coordinator Lewis. Outside-firm trap survey is now complete 
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program. Cutoff date for the histori- 
cal audit was 1975. Records before 
then were sketchy, and were dis- 
torted by such incidents as a long 
strike and the oil embargo. The audit 
spotlighted a fairly constant pur- 
chased-electric load, with a large 
drop every July during scheduled 
shutdowns. Gas and oil usage peaks 
in the winter months. A second 
important part of the audit was iden- 
tification of locations, types, sizes — 
and interactions— of process and 
nonprocess equipment. 

Auditing, having revealed existing 
conditions, is continuing. Some of 
the projects completed or planned 
are intended to make the auditing 
easier and more significant. For 
example, the first of the energy proj- 
ects under the coordinated effort was 
installation of electric and gas 
meters to give data in support of 
future projects. 

Production equipment audited was 
chiefly the boilers, heat-treating 
equipment (gas-fired and electric), 
machine tools, and testing facilities. 

Testing facilities were an impor- 
tant part of audited equipment. 
Elliott’s products are specialized and 
engineered according to customers' 
requests and specifications. Com- 
pressors may have steam or motor 
drive. Fortunately, all steam from 
test-drive turbines exhausts into a 
condenser, and the condensate is 
pumped back to the boilers. Only a 
small amount of steam exhausts to 
atmosphere, from the ejector system 
for casing evacuation and condenser 
vacuum pumps. 

Preparation for a coordinated en- 
ergy-conservation program includes 
state-of-the-art training for the pro- 
gram leader. Seminars, courses, and 
visits to equipment manufacturers, 
nearby plants, and industry exhibi- 
tions are important. Elliott's experi- 
ence with seminars indicates: 

= A seminar presented to a group 
of attendees with similar back- 
grounds— either industrial, commer- 
cial, or institutional—is more likely 
to be worthwhile. 

= A seminar that has been repeat- 
ed several times may be more valu- 
able than a first-time performance, 
because feedback and experience 
build as presentations are repeated. 

= Discussions with fellow partici- 
pants is valuable. 

m Doubts about whether a semi- 
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3. Manufacturing oversees energy usage 
in decentralized setup such as Elliott’s 


nar is worthwhile for a plant can be 
cleared up by talking to those who 
have attended. Ask the seminar 
sponsor for names. 


Tracking down the ECO 


Energy-conservation opportunities 
(ECO), judged from the standpoint 
of the energy audit, can sometimes 
require considerable capital outlay. 
Others are easy to implement with- 
out spending capital. And some 
others, although not bringing direct, 
tangible money savings, may help 
establish a successful program. 


Water softeners 


Inside 


Condensate 
return 


Outside 
water tank 


water tank 


650-psig, 700F 
steam to plant 


Natural 
gas 


No.6 
fuel oil 


Doing more production and equip- 
ment testing in off shifts will reduce 
electric demand during peak hours. 
Staggered startup of equipment also 
may lower peak demand. Meters on 
new or retrofitted equipment will 
reveal usage. And, finally an energy- 
awareness program for employees is 
important, because they are the ones 
who will be implementing changes. 

An employee suggestion program 
at Jeannette, with ideas sent for 
evaluation on a monthly basis to an 
energy-conservation committee, has 
produced several inexpensively im- 
plemented projects. Benefits and 


Stack 


Exhaust 


Boilers 


Economizer 


4. Steam system at Jeannette centers on two 70,000-Ib/hr boilers. Feedwater heating 
is by boiler-feed turbine exhaust and flashtank for blowdown and high-pressure traps 
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5. Dual-fuel system burners allow plant the flexibility to burn 
either natural gas or No. 6 fuel oil in its steam generators 


prizes, based on savings, help to 
stimulate suggestions. The head of 
the Jeannette committee oversees 
similar programs at Elliott's plants 
in Donora and Scranton, Pa, with 
plans for expanding to the Spring- 
field and Dayton (Ohio) plants and 
to a plant in Cowes, England. 

Lighting upgrading is in progress 
(Fig 1). In most cases, the new 
lamps give higher lighting levels. 
The high-pressure sodium-vapor 
lamp (125 lumens/W) is superior to 
mercury-vapor (63 lumens/W) and 
fluorescent (78 lumens/W). 

The steam-distribution system is 
one of the largest potential sources 
of savings; however, steam-trap 


maintenance is crucial to these 
savings (Fig 2). Jeannette has an 
estimated 550 traps, with pressures 
from 10 to 650 psig. An in-plant 
survey by an experienced specialist 
firm located and tagged all the 
steam traps, and found a 30% steam 
loss because of faulty traps. 

Proper trap maintenance will re- 
duce steam loss to 3%. A regular 
schedule will include systematic 
check, followed by repair on a stated 
priority basis. All retrofitted traps 
will have valves on both inlet and 
outlet lines. An added intangible 
benefit of good trap maintenance is 
elimination of potentially hazardous 
steam in drains. 


High return for moderate expense is keynote 


Planned energy projects 


Upgrade lighting —replacement of incandescent, fluores- 
cent, and mercury vapor by metal halide or high-pressure 


sodium vapor 


Building insulation — block up windows, reduce heat loss 


Upgrade furnaces and heat-treat ovens— improve effi- 


ciency, reduce or reuse waste heat 


Electrical-energy management system — automatic load 


shedding 


Metering equipment — install electric and gas meters on all 


large energy-consuming equipment 


Steam-distribution system —repair, replace, update, 


maintain steam traps and lines 


Compressed-air system — repair, update, maintain 


Miscellaneous projects — ideas from employees through 


the energy-conservation committee 


Estimated 
Estimated annual 
cost, $ savings, $ ВОГ 
50,000 20,000 0.30 
50,000 20,000 0.30 
35,000 15,000 0.33 
100,000 45,000 0.35 
25,000 — — 
40,000 250,000 > 1 
40,000 40,000 0.90 
25,000 20,000 0.70 


"ROI (return on investment) calculated as: (annual savings — annual depreciation)/cost 
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6. Gas meters, such as this one on line to boilers, give data for 
continuous departmental audit of energy consumption 


Recuperators on the larger heat- 
treating furnaces will preheat intake 
air with flue-gas waste heat. One 
furnace operates at 1100F for 16 
hr/day. Preheating its intake air to 
600F, instead of allowing entry at 
ambient temperature, will save at 
least 10% in fuel, and will give a 
payback in less than three years. 

The boilers (Figs 4-6) are the 
largest in-house energy consumers. 
Numerous projects have been ini- 
tiated to save energy, including 
installation of economizer tubes. Au- 
tomatic fuel/air-ratio controls for 
the boilers also appear worthwhile, 
to maintain boiler excess air levels at 
20% for fuel oil and 10% for natural 
gas, an improvement over the exist- 
ing manual control that holds about 
30% excess air. Automatic blow- 
down systems are now being in- 
stalled, too. 

Smaller projects are constantly 
under way, too. Insulation of pick- 
ling tanks is an example. This 
recently completed project involved 
covering acid, alkali, rust-inhibitor, 
and water tanks with 2-in. foamglass 
block insulation, and installing re- 
movable lids on all tanks. The work 
will not only cut heat loss but also 
help maintain solution temperatures. 
The tanks can be shut off over week- 
ends without requiring a three-day 
reheat. 

All in all, Elliott’s program, with 
most projects giving payback in less 
than two years, has started success- 
fully. And complete support and 
commitment from all levels of organ- 
ization is clear. m 
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Insulation. 
We'll show you how it can give you up to 
a 50% return on investment. 


Perhaps you never thought of 
insulation as an investment. But it 
is—and its one that will give you 
a surprisingly high return. 


Energy costs have more than 
tripled since 1970. And they're 
expected to triple again by 1990. 
So every dollar invested in insulat- 
ing the pipes and tanks in an indus- 
trial facility can return several 
dollars in reduced operating costs. 


The key lies in knowing exactly 
how much insulation to install. And, 
in any system, the optimum 
amountis that amount which will 
result in lowest total cost for insula- 
tion and lost heat over the life of 
that system. (See chart) 


This is called the Economic 
Thickness of Insulation (ETI). And 
now there's a quick, easy way to 
determine the ETI for every pipe 
and tank in your facilities. Because 
Johns-Manville has developed a 
computer program called Energy 
Reduction Analysis (ERA). It's 
based on official Dept. of Energy 
calculations. And it's available to 
you—or your engineers— just for 
asking. 


To learn more about ERA and 
| how it сап help you reduce 
\ ont ES operating costs— while helping 
\ | ES America achieve Energy 
a ы! сл г EN Independence—send for our 
Vo. r new publication: Energy, 

S 1 Economics and Insulation. 
к We'll also send the necessary 
e C | material for your engineers to 

Jog = ES provide us with input needed 
: EN toapply ERA to your system. 
Write or call Jack Miner 
Johns-Manville, Ken-Cary! 
Ranch, Denver, Colorado 8021 /. 


Phone (303) 979-1000. 


Cost Per Year 


Industry's Insulation Experts 


JM 


Johns-Manville 
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OODWAR 
Total Engine Control Systems 


The reliability 
and flexibility of 
microprocessor 
and analog 
technologies. 


Features 


e Local or remote data 
logging of all station 
parameters. 


e Preselected set points 
adjustable from keyboard. 


e Program language based 
on ladder diagram or flow 
chart. 


e Keyboard or CRT 
programming. 


e Interface with standard 
peripheral equipment. 


uc oc | e Chronological indication 
of shutdown trips. 


STE e Conventional or CRT 
annunciator. 


e Independent safety 
shutdowns. 


e Self-checking with positive 
shutdown in case of failure. 
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since 1870 


Woodward Governor Company 


Ft. Collins, Colorado, U.S.A. 
Phone: 303/482-581 1 


Main Office 
Rockford, Illinois, U.S.A. 


Hoofddorp, The Netherlands; Slough, 
England; Tomisato, Chiba, Japan: 
Lucerne, Switzerland; Sydney, 
Australia; Montreal, Canada: 
Campinas, S.P., Brazil. 
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OVERVIEW 


Cogeneration: Has its time come? 


As a result of power-market conditions that have devel- 
oped since the 1973 oil embargo set in motion a sharp 
upward trend in primary power costs, US industry has 
been showing increasing interest in the cogeneration of 
electricity and process heat for industrial requirements. 


However, the strong position of the electric utilities, 
which have continued to offer electricity at an attractive 
price, has produced a situation in which cogeneration of 
heat and power is much less widespread here than in 
other industrial countries. Power produced by German 
industry, for example, amounts to 2946 of the country's 
total consumption, compared to only 5% in the US 
today — and that is down from 15% in 1950. 


For cogeneration to become a significant form of 
power generation, it must overcome barriers due to fuel 
supply and price uncertainties, technological risks, 
marginal economics, environmental controls, and fear by 
industry of increased government regulation. 


Established industry traditions, practices, and percep- 
tions also present problems that must be overcome. The 
average plant perceives its connection from the local 
electric utility to be a reliable energy source that is not 
subject to allocation or environmental controls. Typi- 
cally, industrial plants do not have power-plant person- 
nel, nor do they wish to deal with the complexities of grid 


load management based on regulatory considerations. 


Reliability problems of power-plant equipment represent 
risks to production. And the option of investing capital to 
produce a commodity that is, for the most part, easily 
purchased is not viewed with favor. 


Despite these obstacles, many small cogeneration 
systems are now operating, but they only scratch the 
surface of this sleeping giant. DOE leadership is crucial 
to fulfilling cogeneration's potential for energy conserva- 


1980 Energy Systems Guidebook 


tion, estimated to be about 15,000 MW by 1985. A 
DOE-sponsored study, the Cogeneration Technology 
Alternative Study, assesses the best emerging technolo- 
gies for cogeneration in energy-intensive industries. 

Needless to say, economic and environmental legisla- 
tion will have a big effect on the economics of cogenera- 
tion. The latest word from Washington comes from the 
Federal Energy Regulatory Commission which has just 
released its first policy paper on cogeneration. 

Among the major proposed policy points: 

W Authority must be available to mandate intercon- 
nections between cogenerators and utilities. 

= Rules will have to apply to retail as well as whole- 
sale sales of power, necessitating a “fundamental reor- 
dering of the traditional dual regulatory scheme.” 

= Price of the power supplied by a cogenerator would 
be based, for the first time, on the “buyer’s avoided 
cost,” rather than the cost of supplying the power. 

m Traditional “split-savings” rates for power bought 
and sold could be tilted to make cogenerators realize 
more of the savings than the utilities. 

= Cogenerators would not be held to a minimum 
reliability standard, though those with lower reliability 
would have to sell power at a lower price. 

= Cogenerators could be exempted from state and 
federal utility regulations. 

= Utilities may be required to treat cogenerators in 
the same way as similar noncogenerating industrials for 
the purposes of backup rates and other services. 

In this section, you will see how Kerr-McGee Chemi- 
cal Corp cogenerates without a utility intertie, how 
Lihue plantation uses a waste product— bagasse —to 
cogenerate with a utility supplying backup power, and 
how an industrial park might be set up to supply power, 
heat, and fuel to various concerns. 
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Cogenerating 
without a 
utility intertie 


The first large coal-fired industrial 
power plant in California provides 
electric power and process steam for 
Kerr-McGee Chemical Corp's new 
Argus facility—a 1.3-million-ton/yr 
soda-ash plant at Trona. This cogen- 
eration plant was completed and 
went on line in mid-1978. Construc- 
tion took some 2'/ years. 

The new plant is adjacent to exist- 
ing operations at Trona, where 
triple-effect evaporators concentrate 
mineral-rich brine from nearby 
Searles Lake for the production of 
borax, potash, and sodium-sulfate 
products. 

Ralph M Parsons Co was prime 
contractor for the project, including 
the power plant, which uses two 
27.5-MW .single-automatic-extrac- 
tion, noncondensing steam turbines. 
Steam for the turbines is generated 
by two 600,000-Ib/hr, 1500-psig pul- 
verized-coal-fired boilers, which are 
presently burning low-sulfur New 
Mexico coal and petroleum coke. 
Some 85-90% of the heat generated 
is used for process, the remainder for 
electricity. 

Coal and coke handling. One head- 
ache inherent in any coal-fired 
power plant is the materials- 
handling system. Keep in mind that 
what works best with one coal will 
not necessarily work with a different 
one. The only way you can be sure a 
design is adequate is to test your coal 
on an existing system similar to 
yours. 

At Trona, coke and coal are deliv- 
ered by unit trains, with about 6500 
tons per trainload. Each car is 
dumped into two below-grade track 
hoppers. Belt feeders direct the coal 
or coke to a secondary belt conveyor, 
which transports it to a main 
conveyor that moves the coal or coke 
to their respective storage areas 
through a dust-control tower. 

А 15,000-ton live coal pile (Fig 1) 
and a 5000-ton live coke pile are 
maintained near the dust tower, with 
excess coal and coke stockpiled in a 
dead-storage area. 
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1. Belt conveyor moves coal to live pile. New Argus facility is at left 


Fuel is reclaimed from storage by 
front-end loaders and delivered to 
reclaim hoppers. A reclaim conveyor 
then feeds the materials to the crush- 
er, and on to six 360-ton coal/coke 
closed silos equipped with individual 
gates (Fig 2). Dust suppression at 
transfer points in the coal-handling 
system is handled with a chemical 
spray. 

Engineers at Kerr-McGee urge 
flexibility in thinking when design- 
ing a coal-handling system. The idea 
for the closed silos came from 
observing a cement operation. Also, 
look carefully at bins and silos with 
respect to slopes and finishes, in 
order to avoid sticking problems. 

Boiler details. The two tangential- 
ly fired drum-type, balanced-draft, 
nonreheat boilers, which produce 
955F steam, are equipped with over- 
sized furnaces, and use overfire air 
to maintain a lower flame tempera- 
ture, in order to meet NO, emission 
standards. The flue-gas mass flow is 
approximately 1-million lb/hr. 

Three burner levels of coal are 
provided in each of the boiler's four 
corner windboxes. Gas-fired ignitors, 
gas guns, oil guns, and flame scan- 
ners are located in all four corners 
between all coal levels. Each boiler 
burns about 35 tons/hr of coal. 

The boilers are designed to be able 
to burn gas, oil, and petroleum coke, 
as well as coal, either singly or in 
combination. : 

Depending upon process and elec- 
tric demands, steam is either ex- 
tracted at 450 psig part way through 


the cycle, to a medium-pressure 
header, or passes completely through 
the turbine and is exhausted at 40 
psig to a low-pressure process-steam 
header. The latter is used mainly for 
the evaporators and heat exchangers 
which condense the steam. 

In addition to the new Argus 
plant, there are several older noncon- 
densing steam-turbine/generators at 
the adjacent Trona plant, with small 
gas/oil-fired boilers producing steam 
at several pressure levels—650, 450, 
and 250 psig. Fig 3 shows a simpli- 
fied cycle diagram for both the new 
Argus plant and the existing Trona 
facility. 

Flexibility has been built into the 
system, so that any boiler can feed 
any turbine should the need arise. 
Since relative fuel costs favor the 
new coal-fired units, the existing 
Trona generators are primarily used 
for load swings and as backup, 
should one of the new turbine/gener- 
ators trip or be down for mainte- 
nance. 

The two plants are tied together 
by two common steam-header sys- 
tems and several condensate lines. 
Condensate from various processes is 
collected in local surge tanks and 
pumped to a main-plant condensate 
surge tank. This condensate, at 40 
psig (saturated), is delivered to the 
new boilers by turbine-driven boiler- 
feed pumps. 

Designers opted for steam-driven 
auxiliaries for maximum dependabil- 
ity, and because the facilities are not 
interconnected to a utility grid. The 
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3. Steam header and condensate return and makeup systems serve entire plant 


forced- and induced-draft fans, as 
well as the boiler-feed pumps, have 
turbine drives (see equipment list at 
the end of this article). 

A combustion-control system au- 
tomatically controls the fuel, air, and 
feedwater inputs to the new boilers. 
Also, a flame-safety system pre- 
cludes boiler explosion. Two data 
loggers — one for the process and one 
for the utility systems — monitor 
about 700 points in each system. In 
addition, all plant motors are oper- 
ated from the control room via two- 
wire control systems. 

Tight control of air pollution. 
Searles Lake is near the northern 
boundary of San Bernardino Coun- 
ty, which makes it subject to the 
tough air-pollution regulations of the 
San Bernardino County Desert Air 
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Pollution Control District. Each 
boiler may release no more than 16 
lb/hr of particulates, 200 lb/hr of 
sulfur as SO», or 450 ppm, corrected 
to 3% O, of NO,. 

Each boiler is equipped with a 
regenerative air preheater, followed 
by an electrostatic precipitator, 
rated at 99.8% efficiency, and a sodi- 
um carbonate flue-gas wet scrubber 
rated at 88%. The precipitators oper- 
ate on the cold side of the boiler air 
preheaters. Hot-side precipitators 
could not guarantee compliance with 
pollution regulations, due to the 
larger volumes of flue gas at the 
higher hot-side temperatures. 

However, the 300F temperature 
on the cold side makes it difficult to 
collect flyash. The western coal that 
is used has a sulfur content of only 


4. Ash-handling system saves water. Flyash is handled dry 


0.5% and particle ionization at 300F 
is insufficient for efficient collection 
of flyash by the precipitators. So 
petroleum coke is mixed with the 
coal to raise the sulfur content to 
1.5% and improve particle ionization 
and flyash collection. 

The two flue-gas scrubbers use 
end liquor from the soda-ash plant to 
extract CO,, and are designed to 
operate in the sulfite/sulfate range. 
Scrubber liquor is returned to 
Searles Lake along with the rest of 
the plant's end liquor. 

Flows stay soluble throughout the 
scrubber, thus eliminating any po- 
tential scale buildup. Moreover, the 
scrubbers cannot be bypassed, em- 
phasizing the need for cleanliness 
and reliability. 

Scrubbed flue gases are processed 
through two monoethanolamine 
(MEA) plants for extraction of CO). 
Each plant produces 300 tons/day of 
CO,—the main source of makeup 
CO, in the closed-cycle system. 
Liquid CO, is stored for plant start- 
up and for use in emergencies. 

Water conservation is an impor- 
tant feature of the entire operation. 
The Trona main-plant cycle is a net 
producer of fresh water from brine 
through its triple-effect evaporators. 
The water produced is fed to the 
power-plant boilers, along with con- 
densate from the process dryers. 
Steam condensate is returned to the 
process in the closed-cycle system. In 
addition, potable water is pumped to 
the soda-ash plant from wells 25 
miles away. т 
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Cogeneration cuts utility's kW cost 


An unusual partnership in financing, building, operating, and using 
the energy from a bagasse-fueled cogeneration power plant in Hawaii 
may encourage similar arrangements with projects of this type 


By John Brown, Foster Wheeler Kauai Inc 


A $25-million, 20- MW cogeneration 
power plant is being built on the 
island of Kauai, Hawaii, which will 
burn bagasse and oil with provisions 
for future burning of cane trash and 
prepared municipal refuse. Steam 
and electric power will be used by a 
sugar factory; power in excess of the 
factory's needs will be sold to the 
island's utility (see box). 

The cogeneration project is un- 
usual in that Foster Wheeler Kauai 
Inc (ЕМКІ) is the owner of the new 
power plant, which Lihue Plantation 
Co wil manage. Lihue's present 
power facilities consist of several old 
bagasse-burning boilers and asso- 
ciated generation equipment, all of 
which require extensive mainte- 
nance. FWKI will derive its revenues 
from the sale of the excess power 
(roughly 12 MW) to Kauai Electric 
Co. This arrangement is advanta- 
geous to all three project partici- 
pants. 


Specifically, FWKI will have a. 


guaranteed income from the sale of 
power, which will help to smooth 
cyclical nature of the parent compa- 
ny's equipment sales to the electric- 
utility industry. Lihue Plantation 
will have a new, efficient power- 
generating facility to replace exist- 
ing obsolete equipment without ma- 
jor capital investment at a time when 
the sugar industry is only marginally 
profitable. Kauai Electric will re- 
ceive electric power without the need 
for capital investment in new facili- 
ties, which will help to slow the rise 
in electric energy costs on Kauai, 
which are among the highest in the 
nation. 

Additionally, the state of Hawaii 
will benefit from a reduction in oil 
imports and a power plant emitting a 
minimum amount of pollutants. The 
plant will incorporate both a me- 
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chanical dust collector and a wet 
scrubbing system. 


Power plant description 


The water and steam cycle is a 
simple conventional power-plant cy- 
cle. The boiler selected is rated at 
320,500 Ib/hr, 850 psig, and 830F 
firing bagasse. Steam flows to a 
double-automatic-extraction con- 
densing turbine which drives a 20- 
MW (nominal) generator. Extrac- 
tion-steam pressure is 160 psig 
(550F) and 15 psig (saturated) for 
sugar factory and power-plant auxil- 
iary requirements. If the turbine is 
out of service, pressure-reducing sta- 
tions and desuperheaters are pro- 
vided from the main steam line to 
the 160-psig extraction line and from 
the 160-psig line to the 15-psig 
extraction line for use in the sugar 
factory processes (see figure). 

Steam discharging from the tur- 
bine is condensed in a surface 
condenser using a once-through cool- 
ing-water system. Two full-size 
(10095) condensate pumps direct the 
condensate to a deaerator and stor- 


age tank, which provides suction 
head for two boiler-feed pumps rated 
at 100% and 60%. 

Feedwater at 240F is pumped to 
the boiler through a single vertical 
feedwater heater, which raises the 
water temperature entering the 
economizer to 360F. Steam for the 
feedwater heater, fuel-oil heater, 
steam-coil air heater, and for oil 
atomizing is available from the 160- 
psig extraction line. Extraction 
steam at 15 psig is provided for the 
deaerator and makeup evaporator. 
All cycle makeup is channeled to the 
deaerator. | 

During the grinding season, feed- 
water makeup is supplied from the 
evaporators in the sugar plant, which 
is monitored for impurities prior to 
pumping to the deaerator. A conven- 
tional makeup system tied to con- 
densate storage tanks and new 
pumps is used as a backup. During 
the off-season, the makeup evapora- 
tor will provide makeup, using 
service water for supply to the evap- 
orator. 

The boiler is designed to supply 
steam not exceeding 1-ppm total 
solids. Desuperheater spray water 
from a subcooler condenser elimi- 
nates carryover of any impurities in 
the feedwater (which is normally 
used for spray water in utility boil- 
ers). Chemical treatment consists of 
(1) a phosphate/caustic system for 
pH control and scale prevention, (2) 
hydrazine for oxygen removal, and 
(3) filming amine injection into the 
main steam line for corrosion protec- 
tion of the low-pressure end to the 
turbine where condensing occurs. 

Fibrous fuel. Bagasse is a woody 
fibrous fuel, the waste product of the 
cane-crushing process. About 
250,000 tons are produced yearly at 
Lihue. Depending on local weather 
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conditions when the cane is har- 
vested, measurable quantities of 
mud, sand, and rocks are carried 
through the crushing process and 
end up in the bagasse fuel. These 
extraneous materials make up most 
of the so-called “ash” trapped by the 
hoppers, dust collector, and scrub- 
ber. The bagasse itself produces only 
about 2% ash. 

Bagasse contains between 45 and 
50% moisture and, as-fired, has a 
heating value of about 4000 Btu/lb. 

The Lihue boiler is also designed 
for future burning of cane trash and 
prepared municipal refuse. Cane 
trash is the leafy waste produced 
from the cane-preparation system 
prior to crushing. At 50% moisture, 
cane trash has a heating value of 
about 3700 Btu/lb. Kauai County 
has received federal, state, and coun- 
ty funds to study the preparation of 
municipal refuse for burning. Expec- 
tations are that refuse with a heating 
value of 3800 Btu/lb will be deliv- 
ered to Lihue for burning. 

Fuel, air, and gas. The boiler is 
designed (1) for rated output when 
burning bagasse or a combination of 
bagasse and oil, and (2) for reduced 
capacity when burning oil only. 

Bagasse is supplied from an exist- 
ing bagasse house by new conveyors 
to six rotary feeders, each of which 
supplies one of six pneumatic distrib- 
utors located in the front wall of the 
furnace. The distributors spread the 
bagasse onto a traveling grate. The 
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system is designed for full-load oper- 
ation with only five distributors in 
service. 

An overfire-air system served by a 
dedicated fan improves combustion. 
Either No. 2 or 6 oil is supplied from 
existing tanks through new heating 
and pumping equipment to three air- 
or steam-atomizing burners. When 
burning oil alone, the boiler can 
produce up to 200,000 lb/hr of 
steam with two burners in operation. 
Combination firing of bagasse and 
oil (at full boiler capacity) is also 
envisioned. 

The boiler is of the balanced-draft 
type. Combustion air is provided by 
a single forced-draft (FD) fan 
through a steam-coil air heater and a 
tubular air heater and is directed to 
the oil burner windbox located in the 
rear wall of the furnace and to the 
plenum beneath the traveling grate. 
Air flow is controlled by maintaining 
a constant pressure downstream of 
the tubular air heater. 

Flue gas flows from the furnace 
through the pendant superheater 
section, the boiler bank, economizer, 
and tubular air heater into a 
mechanical dust collector (80% effi- 
ciency). To conserve energy, the FD 
fan has high- and low-speed motors, 
and the induced-draft (ID) fan is 
driven by a variable-speed dc motor 
which has a small ac motor backup 
with an inlet-damper control. 

Environmental protection. The 
plant was initially designed for a 


mechanical dust collector with a 
hopper evacuation system. which 
alone would have satisfied EPA 
requirements of 20% opacity and a 
dust loading of 0.4 Ib per 100 Ib of 
bagasse. To obtain an environmental 
permit for the project, however, it 
was necessary to assure “best avail- 
able control technology," so a wet 
scrubber is being paired with the 
mechanical dust collector, The hop- 
per-evacuation system was elimi- 
nated in the new arrangement. Since 
bagasse contains only about 296 ash, 
this combination system will lead to 
low visible emissions for the plant, 
which is situated on the edge of the 
town of Lihue. 

Due to the seasonal nature of the 
sugar cane growing/grinding cycle, 
oil must be burned alone for about 
45 days each year. To meet environ- 
mental restriction at these times, the 
boiler's continuous capacity is lim- 
ited to 164,000 Ib/hr. Sulfur content 
is limited to 0.5 of total fuel burned 
(bagasse and oil) on a monthly aver- 
age basis during the grinding season, 
or 2%-sulfur oil when it is burned 
alone. 

During the off-season, the sulfur 
content of the oil burned is limited to 
0.576. This means that No. 6 oil may 
be burned during the grinding 
season, but No. 2 oil must be burned 
during the off-season. Bagasse con- 
tains no sulfur. 

The grinding season is defined as 
the period during which cane is 
being ground and sugar produced. 
At Lihue, this is 9⁄2 months of the 
year. To satisfy the requirements of 
Kauai Electric, the plant must 
produce power for 11 months of the 
year, with one month set aside for 
maintenance. 

Power distribution system. Electri- 
cal power is generated at 13.8 kV. 
To satisfy the purchased-power 
agreement, it is necessary to produce 
salable power of about 6800 kWh. 
Voltage is stepped up to 57/69 kV 
for delivery to the utility grid. A 
tie-line controller (remote dispatch- 
ing unit) is included to allow the 
utility to control Lihue output. 

The Lihue plant can operate inde- 
pendently of the utlility grid system. 
Station service transformers supply 
power at 480 V for major plant 
auxiliary equipment, boiler-feed- 
pump motors, fan motors, etc, and 
for other sugar plant auxiliaries. w 
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Making cogeneration more attractive 


Steam, power, and fuel gas from one source —here's another option 
to consider when trying to meet the energy supply challenge in new 
industrial parks, or to retrofit applications in existing plants 


By R A Ashworth, Davy Powergas Inc 


Coal gasification can be used to 
supply not only steam and power to 
an industrial park (the traditional 
cogeneration concept), but fuel gas 
as well. To present this so-called 
cogeneration “plus” concept, Davy 
Powergas Inc engineers arbitrarily 
selected a site for the industrial park 
close to Billings, Mont, an area that 
has relatively inexpensive, low-sulfur 
coal close at hand. They also 
assumed that the industrial users in 
the park would be able to receive 
and use the energy in the form 
provided from the coal-gasification 
plant; that is, plant output, rather 
than the end users, dictates energy- 
output requirements. 

This type of coal-gasification fa- 
cility could be designed to supply 
almost any end-user energy mix— 
fuel gas, steam, and power — merely 
by the addition of offsite steam boil- 
ers and turbine/generators. Davy 
chose a Winkler fluidized-bed coal- 
gasification plant for its hypothetical 
application. From an overall thermal 
efficiency standpoint, the energy mix 
developed probably represents the 
optimum or near optimum mix for 
low-pressure fluidized-bed gasifiers. 

Key selections. As mined, western 
subbituminous coals and lignites 
characteristically yield a large pro- 
portion of fines—roughly 50% of the 
coal is / in. or less. Unless one can 
use the fines elsewhere, or is willing 
to pay a premium for sized coal, the 
selection of a fixed-bed gasifier is 
not recommended because a specific 
coal size range is required. 

Entrained-flow gasifiers could 
process the coals, but these units 
work best with oxygen firing; thus, 
for small-scale applications like this 
one, a premium price for the fuel gas 
produced must be paid because the 
price of fuel gas would include the 
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cost of a less-than-optimum-size 
oxygen plant. The rationale for 
selecting a fludized-bed gasifier is 
that it can accept % in. X 0 coal and 
can operate on air. 

For the industrial-park applica- 
tion, Davy chose low-sulfur coal as a 
feedstock for the coal-gasification 
plant so that hydrogen sulfide (H-S) 
removal is not required, and the gas 
can be delivered hot to the end users. 


Ш m 
= 


Besides being thermally efficient, 
this mode of operation also precludes 
the need for wastewater treatment 
since the produced fuel gas never 
reaches its dewpoint. 


Process description 


The coal-gasification plant was 
sized to process 600 tons/day of 
Montana subbituminous coal to 
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1. Coal-gasification plant is sized to produce 9.17-billion Btu of fuel-gas energy, 
1.88-million Ib of steam, and 35,280 kWh of electric power daily 
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yield 9.17-billion Btu/day of fuel gas 
energy, 1.88-million lb/day of 
steam, and 35,280 kWh/day of elec- 
tric power to the industrial park (Fig 
1). The plant is a grassroots facility, 
assumed to be near an existing rail- 
road. A description of the plant 
follows: 

Coal unloading and preparation. 
Run-of-mine Montana subbitumi- 
nous coal (see Table 1) is delivered 
by rail to the coal-gasification plant. 
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through a coal feed screw into the 
bottom portion of the 16-ft-diameter 
gasifier. Air and steam are admitted 
to the gasifier, and combustion/gas- 
ification reactions take place at 
2000F within the fluidized bed. 
Because the coal is reactive and low 
in ash (roughly 6% by weight), engi- 
neers estimate that 95% (by weight) 
of the carbon in the coal will be 
gasified. 

Ash is removed from the gasifier 
via a screw to an ash bunker. From 
the bunker a rotary feeder feeds an 
enclosed conveyor, which delivers 
the ash to a storage bunker for 
removal to landfill by truck. ; 

Hot gas at 2000F leaves the gasifi- 
er and flows down through a heat- 
recovery boiler/boiler feedwater pre- 
heater, exiting from the preheater 
section at 270F. Saturated steam at 
400 psia is produced in the heat- 
recovery boiler. Dust that settles out 
in the bottom of this boiler is fed via 
a rotary feeder to the enclosed ash 
conveyor. 

The cooled gas passes through a 
cyclone collector where more dust is 
removed. Finally, the gas travels 
through two electrostatic precipita- 
tors for final particulate removal. 
The particulate loading of the gas 
exiting from the precipitators is 
expected to be 0.01 gr/scf or less. 
The clean 270F gas at 2 psig enters 
the fuel gas main, and is distributed 
to industrial-park uses. 

Offsites. The 400-psia saturated 
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steam produced while cooling the 
fuel gas is used to power single-stage 
turbines to compress air for gasifica- 
tion, to pump boiler feedwater, and 
to generate electric power. The 
exhaust steam from the turbines at 
25 psig (saturated) is used as a 
gasifying medium, steam heating for 
the coal gasification plant, and for 
service in the industrial park. 

The electric power generated is 
used in the gasification plant for 
motors, precipitators, thaw-shed 
heating during winter operation, and 
lighting. The balance of the electric 
power is distributed to the industrial 
park. Offsites include a boiler-feed- 
water-treatment unit, a small startup 
boiler, instrument and plant air units 
complete with driers, and backup 
electric power for critical service. 


Products and byproducts 


Fuel gas. The main product of the 
coal-gasification plant is fuel gas 
(Table 2). The plant yields 77.7- 
million scf/day (9.17-billion 
Btu/day) of fuel gas energy at a 
battery limit discharge condition of 
2 psig and 270F. Higher and lower 
heating values for the fuel gas are 
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shown in Table 2. Gasification 
produces no tar or wastewater. 
With stoichiometric combustion 
of the gas, an adiabatic flame 
temperature of 2900F, including 
dissociation, may be reached. The 
SO, liberated is equivalent to 1.1 Ib 
SO./million Btu of coal feed or less, 
which is below the 1.2 value set forth 


іп the 1975 EPA guidelines for coal- · 


fired boilers (Table 3). 

Power and steam. Electric power 
is generated via single-stage steam- 
turbine/generators to deliver 1.73 
MW, 1.47 MW of which are avail- 
able to the industrial park. 

Exhaust steam from the single- 
stage turbines enters a 25-psig pipe- 
line for distribution. Steam at 
111,200 lb/hr and 25 psig (satu- 
rated) is produced, with 78,400 


lb/hr being available for the indus- 
trial park; the rest is used in the 
gasification plant. 


Materlal/energy balance 


Table 4 shows an overall material 
and energy balance for the coal- 
gasification plant. The energy bal- 
ance shows that 87.6% of the coal 
energy input is available as usable 


heat in the industrial park. The ener- 
gy in fuel gas compared to coal input 
is 72.7%, steam is 13.9%, electric 
power 1%. 

Operating costs were developed 
assuming 330 on-stream days/yr. 
Table 5 shows the projected operat- 
ing costs for the coal-gasification 
plant. Total gross operating costs 
were projected from which credits 
for electric power and steam were 
deducted, giving a net operating cost 
of $5.178-million/yr, or $1.71 mil- 
lion Btu of gas produced. 

A plant-investment cost of $18.2- 
million was estimated for the facili- 
ty. After adding allowances for 
funds during construction, startup 
costs, and working capital, a total 
capital requirement of $26.9-million 
was estimated (Table 6). 

A utility finance method to yield 
15% return on equity was used to 
develop the economic analyses. 
These assumptions were made: (1) 
20-year project life; (2) 20-year 
straight-line depreciation; (3) 
debt/equity ratio of 75/25; 10% 
interest on debt; and (5) federal 
income-tax rate of 48%. 

Making no allowance for inflation, 
to yield a 15% return on equity 
(based on 1978 dollars) would 
require a gas selling price of 
$2.82/million Btu. If coal could be 
purchased for $20/ton, the cost 
would drop to $2.46/million Btu; at 
$30/ton, the cost of gas would be 
$3.17/million Btu. 

Fig 2 illustrates the effect of cost- 
estimate accuracy, based on a 
$25/ton coal feedstock. A variation 
of capital cost accuracy of + 35% 
results in a corresponding variation 
in gas cost of $0.36/million Btu. m 
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From spare parts to spare hands, 


C 


Here are just a few of the ways C-E 
Is running full steam ahead for 
Americas utilities: 

boiler / turbine overhauls for 
Kentucky Utilities Company. Our 
service team dismantled the 525 Mw 
Westinghouse and GE turbine- 
generators at Ghent Station, Units 1 
and 2, cleaned and inspected them, 
and provided necessary repairs and 
reassembly. We also provided the 
outage manager, supervisory per- 
sonnel and labor force. 

Emergency parts delivery to 
Wisconsin Power and Light Company. 
In response to emergency outages 
at the Columbia Generating Station, 
we delivered, on two separate occa- 
sions, the needed parts in less than 
24 hours. We also provided 18 
reheater tubes in just four weeks. 
Normal delivery time is 22 weeks. 

Outage management, Alabama 
Power Company. Our responsibility 


POWER 
SYSTEMS 


COMBUSTION ENGINEERING, INC. 


E is working to keep you in power. 


included overall scheduling and 
planning, technical inspection, repair, 
installation of new parts and main- 
tenance of the utility’s Gorgas 
Station, Unit 8. 

Operator training for Consumers 
Power Company's Palisades Nuclear 
Plant. C-E provided training for 
requalification and replacement 
operators using the nuclear power 
plant training simulator at our 
Windsor facility. The simulator 
provides a wide range of plant 
operating problems, including out- 
of-specification conditions. 

For more information on how 
our full scope of services and repair 
parts can help keep you “on line, 
on time; call your local Power 
Systems Services’ representative, 
or write C-E Power Systems, 
Department 7002-1935, Combustion 
Engineering, Inc., Windsor, 


Connecticut 06095. 


We provide the maintenance 
team and supervisors, 

along with our own 

tools and equipment. 


Upgrade your 


cooling tower. 


Save money and energy now. 


Every year your cooling tower's 
performance probably degradesa little. 


Over time, this degradation can add 
up to as much as 50% of tower design 
capability...something no one can 
afford with today's rising energy costs. 


Replacement? That's expensive. 
So is adding more cells. Upgrading.. 
the Ecodyne мау... іѕ a powerful 
alternative. 


Cooling tower degradation can reduce 
performance drastically. 


Achieve high performance 
improvement at just a fraction of 
the replacement cost and reduce 
energy consumption. 


Most wood cooling towers were built 
using the materials and technology 
of another era. 


Today, replacing the key components 
with their modern Ecodyne counter- 
parts in long lasting fiberglass or PVC 
can work wonders for your crossflow, 
counterflow, wood or concrete 
mechanical or natural draft towers. 


For example, our new patented T- Bar" 
PVC fill may be one of the cooling 
tower industry's most significant 


developments. Its unique design and 
orientation within the tower disperses 
water more effectively and cuts fan 
horsepower requirements by reducing 
static pressure drop by 15-20%. It's 

an ideal retrofit for mechanical and 
natural draft crossflow cooling towers 
of any make, old or new. 


We go beyond components. 


Replacing components isn't the 

whole story. We'l also program your 
towers operation for maximum 
efficiency. We can analyze yourtower's 
performance and rearrange its water 
distribution and its airflow and 
mechanical characteristics to achieve 
its maximum possible capability. 


Even lowes that are с only а few years old 
may be subject to cost effective performance 
improvement with Ecodyne's newly 
developed components. A change to PVC 
from CAB fills can also solve water quality 
problems. 


This upgrading can mean increased 
production for your plant as well as 
savings in money and energy. 


Were the original manufacturer of 
Ecodyne and Ecokel Towers and the 


successor to Foster Wheeler, New York, 


New Ecodyne components and technology 
can save you money, reduce energy 
consumption and let you increase your 
plant's production. 


Hudson, Fluor and Santa Fe Cooling 
Towers, and we're equally capable 
with any other make or brand. Modern- 
ization is one of our specialties. And 
youll be surprised at the improvement 
that we can bring about. 


For a free analysis of your cooling 
tower write or call Claude Potts, 
Ecodyne Cooling Products, PO. Box 
1267, Santa Rosa, California 95403. 


TOLL FREE (800) 358-8200. In 
California, call collect 


(707) 544-5833. 


Or see the Yellow Pages for the 
Ecodyne office nearest you. 


ECODYNE 


Ecodyne Cooling 
Products Division 


Licensees 
in principal cities 
throughout the world. 


CIRCLE 64 ON READER SERVICE CARD 


Call us for a free 


evaluation. 
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The cards at the right may 
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information about any 
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Helpful hints for better 
service: POWER acts as an 
intermediary in this reader 
service section. We will 
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POWER 
SPECIAL 
REPORTS 


These are just a few of the special 
Reports available from POWER. For 
the “1980 Power Reprint Catalog", 

a complete listing with prices, circle 
Reader Service No. 636 on reverse 
side. (Be sure to include YOUR 
ADDRESS). For more information call 
212-997-6794 


INDUSTRIAL BOILERS, 
2 Parts 


Part 1 touches base with the options 
available in burner and 
steam-generator design for top 
combustion, explores retrofit choices 
to expand firing capability and 
upgrade reliability. Second part 
focuses on applications for alternative 
sources which will be playing a role 

in tomorrow's energy and 
environmental scenes. $6.00 


COMPRESS-AIR 
AUXILIARY 


This report describes the contribution 
of ancillary equipment to 
energy-efficient systems designed to 
provide compressed air, balancing 
air quality needs, operation costs and 
reliability. It analyzes factors involved 
in design decision. $2.50 


WATER-POLLUTION 
CONTROL 


Analyzes emission guidelines, wastes 
resulting from steam generation, and 
treatment equipment available for 
removal of impurities, volume 
reduction and solidification. $2.50 


VALVE ACTUATORS 


This special report on manual, 
diaphragm, piston, electric and | 
electrohydraulic units covering design, 
applications, capabilities, limitations, 
reliability— Special attention is given 
to fail-safe operating mode, nuclear 
seismicity needs. $3.25 


IN-PLANT GENERATION 


Through discussion showing whats 
available in systems and equipment, 
and what should be considered in 
deciding for your plant. Reviews heat 
recovery, adaptation to plant needs, 
fuels and environment. $3.00 


POWER FROM COAL 


A three-part refresher and update for 
the utility, plant or fuels engineers: 

(1) Coal Characteristics, selection and 
handling; (2) combustion 
fundamentals, crushers, stokers, 
ash-handling; (3) calculating 
combustion efficiency, controlling 
combustion and pollution. 64-page 
report in single binding. $7.00 


Comparing PC and stoker firing 


In industrial boilers, especially smaller units, pulverized-coal 


firing is becoming increasingly attractive as coal prices soar. 


Here's how to make the economic evaluation 


By D C Williams, Babcock & Wilcox Co, Industrial & Marine Div 


With the increasing shift to coal, indus- 
trial boiler operators are finding that 
they face a difficult economic choice 
between pulverized-coal and spreader- 
stoker firing for new boiler applications. 

In the past, most coal-fired boilers 
below 300,000-Ib/hr steam capacity 
were stoker-fired, while larger boilers 
almost always used pulverized coal. As 
the price of coal continues to rise, howev- 
er, pulverized-coal-fired (PC) boilers 
with steam capacities as low as 100,000 
lb/hr are often economically attractive. 

New boilers with low steam capacities 
can be designed to burn coal efficiently 
by either method. With the required 
steam conditions and flow in mind, each 
decision normally is based on a careful 
evaluation of seven factors: capital cost, 
fuel cost, efficiency, auxiliary power 
cost, pollution control, maintenance, and 
operation. 

Capital cost. A PC unit generally costs 
more than a spreader-stoker unit of the 
same capacity. The controlling price 
factors usually include type of coal, 
steam conditions, and pulverizer require- 
ments. The right application, however, 
often justifies the higher initial expense. 

An industrial plants, steam flow, 
temperature, and pressure requirements 
are almost always determined by factors 
outside the boiler island. They are 
considered first in designing a unit, and 
they directly affect the capital cost of 
boilers, regardless of firing method. 

Another important capital-cost factor 
is the coal to be burned. Furnace volume 
can vary by as much as 30% in a РЄ 
unit, depending on the slagging potential 
of the coal. Severe-slagging coals require 
very large furnaces in PC units. Stoker 
furnace size, on the other hand, is 
affected less dramatically by slagging— 
although performance can be greatly 
hindered by caking coals, and furnace 
size will vary with higher-slagging 
coals. 

In short, the type of coal to be burned 
has a major impact on unit cost. Obtain- 
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ing long-term coal contracts is usually 
difficult for industrial buyers, so it's very 
important in a cost evaluation to deter- 
mine and specify the worst coal that 
might be burned. Evaluation on a worst- 
coal basis will more closely reflect the 
reality of sizing and operating the boiler 
over its expected life. 

Fuel cost. After the design coals have 
been identified, specific fuel require- 
ments of PC and stoker firing must be 
examined. In particular, coal size can 
have a significant impact on ultimate 
fuel costs. Both PC and stoker firing 
require coal sized no larger than 1A in. 
PC firing has no minimum size require- 
ment; stoker firing, however, has practi- 
cal limits to the amount of fine particles 
that can be injected into the grate. 

Specifically, for traveling-grate 
spreader stokers, it is recommended that 
no more than 4096 of the coal pass 
through a '^-in. screen, and no тоге 
than 7% through a 40-mesh screen. 
Going beyond these limits will compro- 
mise unit efficiency. Too many fines also 
result in high carryover to the dust 
collector; on the other hand, too little 
large coal can lead to poor coal distribu- 
tion on the stoker and high unburned- 
combustible loss. Recommended coal 
sizes for other types of stoker-firing 
systems are shown graphically in the 
POWER special report reprint, Power from 
coal. 

The minimum-coal-size requirement 
often means that the boiler owner has to 
pay a premium for properly-sized coal. 
Mines that are not equipped to provide 
coal to stoker specifications may charge 
$5 to $10 more per ton for double- 
screening. Some industrial-boiler opera- 
tions, therefore, maintain crushing and 
screening facilities at their own plants, to 
assure proper sizing. If the coal has too 
many fines when it is delivered, however, 
no amount of crushing and screening can 
provide the coal sizing needed for effi- 
cient burning. 

Assuming that an industrial boiler 


user has to pay $40/ton for unsized coal 
for a PC unit and $45/ton for properly- 
sized coal for a stoker, then this 12.5% 
premium may often tip the economic 
evaluation in favor of pulverized coal 
when boiler load-capacity factors are 
high. 

Boiler efficiency directly affects fuel 
costs, too. PC firing has an advantage 
here because of the comparatively high 
amount of unburned-combustible loss 
that occurs during stoker firing. A stoker 
burning a midwestern bituminous coal 
with 30% volatility may have an 
unburned-combustible loss of roughly 
6% with no flyash reinjection, 4.5% with 
reinjection from boiler and economizer 
hoppers, and 2.8% with reinjection from 
the boiler, economizer, and mechanical- 
dust-collector hoppers. 

A PC boiler of the same capacity and 
burning the same coal will have an 
unburned-combustible loss of only about 
0.8%. Based on this comparison, the 
pulverizer unit will use between 2% and 
5% less fuel than the stoker-fired boiler 
at normal continuous steam flow. 

The unburned-combustible loss from a 
stoker-fired boiler decreases with steam 
load, whereas the loss from a PC-fired 
unit remains almost constant. At half 
load, the PC unit would still use between 
1% and 3% less fuel. These savings, of 
course, become more significant as coal 
prices rise. 

Auxiliary-power cost. Economic evalu- 
ation of firing methods is also affected 
by the amount of power required for 
auxiliaries. Based on steam capacity, it 18 
easy to calculate fan capacities and the 
operating horsepower required for motor 
drives. The other major power consum- 
ers are fuel-related — the stoker and the 
pulverizers. 

Pulverizer power requirements vary 
inversely to the coal's grindability and 
heating value. Depending on the coal 
burned, a PC unit would require from 
40% to 60% more horsepower over its 
entire steam-capacity range than a 
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spreader-stoker unit. A typical 200,000- 
lb/hr boiler burning bituminous coal, for 
example, would require approximately 
900 hp if it were PC-fired. A spreader- 
stoker with equivalent steam flow would 
require roughly 650 hp. An electrostatic 
precipitator for either application would 
require approximately 200 kVA. 

Air-pollution control. Both PC and 
spreader-stoker units require extensive 
air-pollution-control equipment. Because 
coal-fired boilers cannot be designed to 
limit sulfur emissions, industrial users 
are left with two alternatives: low-sulfur 
coal or flue-gas-desulfurization systems. 

A 200,000-Ib/hr boiler with either 
firing method would require a capital 
investment of several million dollars for 
a sulfur-removal system, assuming coal 
with 4-5% sulfur content. Also, a sulfur- 
removal system is expensive to operate 
and maintain. These costs are offset 
somewhat by the lower purchase price of 
high-sulfur coal. 

A greater pollution problem with PC 
units are nitrogen oxides (NO,), mainly 
because of the higher flame tempera- 
tures in PC firing. The stoker's combus- 
tion process takes place at temperature 
levels such that the NO, generated is 
within today's federal EPA limits. 

NO, emissions from PC boilers can be 
controlled with special designs. Modern 
industrial PC units cool the burner flame 
rapidly, while at the same time limiting 
the amount of combustion air available 
at areas of high flame temperature. Low 
fuel input per burner and widely spaced 
burners reduce peak flame temperature 
quickly. 

Another contribution to NO, control is 
to keep excess combustion air at a mini- 
mum--via compartmented windboxes, 
for example, which supply air individu- 
ally to the group of burners fed by each 
pulverizer, with excess air being intro- 
duced above the burners. Research 
continues on the development of means 
of lowering NO, emissions still further. 

Because PC units burn coal in suspen- 
sion, they also need a higher efficiency of 
particulate removal than do small stoker- 
fired boilers. To meet federal and state 
regulations, industrial boilers require 
electrostatic precipitators with very high 
efficiencies. Some units use baghouses or 
other control devices. 

Stoker-fired boilers also require some 
kind of particulate removal. For larger 
units, this normally includes mechanical 
dust collectors as well as precipitators or 
fabric filters. In some states, where 
particulate-emission standards are less 
stringent for boilers with less than 250- 
million Btu/hr of heat input, a two-stage 


mechanical removal system may be 
sufficient. On new units, however, duct- 


work should be designed so a precipitator 
can be added in the event of stricter 
controls in the future. 
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Comparison of 
pulverized-coal-fired and 
spreader-stoker boilers 


Spreader 
Кет stoker PC 
DESIGN PARAMETERS 


Capacity, Ib/hr 
Pressure, psig 
Steam temp, F 
Heat input, 


210,000 210,000 
160 160 
Saturated Saturated 


million Btu/hr 247 244 
Particulate-emission 

limit, Ib per 

million Btu/hr 0.4 0.4 
POWER COST 
Total horsepower 522 806 
Total kW' 389.4 601.3 
$/kW 0.041 0.04 
Power cost, 

$/8800 hr 140,500 216,900 
Difference, $ — 71,100 
MAINTENANCE COST 
Cost per ton of 

coal burned, $ 0.05 0.10 
Cost, $/8800 hr 5192 9724 
Difference, $ —4532 
FUEL COST 
Efficiency, % 79.9 85.6 
Heat input, million 

Btu/hr 259.6 243 
Fuel consumption, | 

tons/hr? 11.8 11.05 
Fuel cost, $/ton 45 — 40 
Fuel cost, 

$/8800 hr 4,672,800 3,889,600 
Difference, $ — 783,200 
ECONOMIC EVALUATION? 
Base price, $ Base +500,000 
Cost of money, $ — 50,000 
Power cost, $ — 71,100 
Fuel cost, $ + 783,200 
Maintenance cost, $ -— 4532 
Total 657,500 500,000 


'Not including precipitator *Assumes 11,000-Btu/Ib 
coal Assumes operation at full load for one year 


Before selecting a particulate-removal 
system for either firing method, a 
detailed coal analysis should be made. 
For PC units, flyash characteristics also 
must be determined; for stoker-fired 
units, stoker design and flyash reinjec- 
tion also must be considered. 

Maintenance. While comparative data 
on maintenance costs for PC and stoker 
firing are not readily available, experi- 
ence shows that the costs for bituminous- 
coal-fired boilers would be about the 
same for both. On coals with low heating 
value, low grindability, or high-sulfur 
content, maintenance costs will be higher 
for PC units than for stoker-fired units 
of comparable size. 

Maintenance of pulverizers can be 


performed while the boiler is in opera- 
tion. On the other hand, the boiler must 
be shut down and cooled before major 
stoker maintenance can proceed. Such 
lost production may outweigh the extra 
maintenance cost for pulverizers. 

Operations. At some plants, operating 
practice may override economic consid- 
erations in choosing between PC and 
stoker firing. Low load factors, for exam- 
ple, may favor the economics of stoker 
firing. PC units are generally more flexi- 
ble in their response to load changes, and 
they can operate at low loads without the 
smoking problems encountered in 
spreader-stoker firing. 

For optimum performance, spreader- 
stoker operators must be highly experi- 
enced in maintaining proper furnace 
conditions for efficiency and emissions 
control. In addition, automated con- 
trols—including burner monitors that 
automatically trip the boiler in case of 
abnormal flame conditions — make oper- 
ating PC units both safe and efficient. 

A comparative example. The table 
shows a simplified example of how the 
various factors come into play in an 
economic evaluation between stoker and 
pulverizer firing. Keep in mind that this 
simplified case makes no provision for 
taxes or depreciation, and the cost of 
capital is only approximated. 

It reveals that a stoker-fired boiler of 
210,000-Ib/hr capacity has a purchase 
price that's $500,000 less than a PC unit 
with the same steam flow (say $3.6- 
million vs $4.1-million). Because of the 
lower price, financing is also less expen- 
sive for the stoker-fired unit. Assume 
roughly $50,000 additional interest 
charges for the PC unit. 

The table shows that, in this case, 
stoker firing also has the advantage in 
terms of the costs of auxiliary power and 
maintenance. Recall that mills account 
for the higher horsepower requirement of 
the PC unit. 

The evaluation of fuel requirements 
and costs, however, tips the economic 
balance in favor of pulverized coal. The 
combination of higher efficiency and the 
premium paid for stoker-sized coal make 
a difference of more than $700,000 in 
fuel costs over one year of operation at 
full load. Last section of the table shows 
how this cost has the ultimate result of 
making PC firing the economical choice 
for this plant. 

PC firing, of course, may not be the 
more economical for every installation. 
Depending on the application, the mar- 
gin of efficiency in favor of PC firing can 
range from 2% to 7%. Coal prices can 
vary from $20/ton to $45/ton, and the 
premium on double-screened coal for 
stoker firing can range from zero to as 
high as $10/ton. The capital-cost differ- 
ence will also vary greatly with fuel 
requirements and steam capacity. W 
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Applying digital computers 


for monitoring and control 


Digital computers are sophisticated devices that 
have not been used fully or wisely in some control 
systems. Here's how industry can apply them 

to save energy, cut costs, and reduce maintenance 


By Dian P Jen, International Business Machines Corp 


Computers are performing various moni- 
toring and control functions that lead to 
significant energy savings and operating 
cost reductions. In most cases, however, 
these functions are limited, unsophisti- 
cated, and do not take advantage of the 
computer's full capability. The real chal- 
lenge today is determining the best 
trade-off between computer soft- 
ware/hardware, front-end monitoring, 
and control hardware. The result can be 
a substantial reduction in initial capital 
investment and subsequent maintenance 
costs. 

This article examines some of the 
generic and specific functional capabili- 
ties of digital computers that contribute 
to applications related to energy man- 
agement. 


Generic functions 


Generic functions relate independently 
to specific applications. They provide the 
basic intelligence of a digital-computer- 
based system. The four key system 
elements are operations monitoring, 
analysis functions, management infor- 
mation, and operations control. 

Operations monitoring involves func- 
tions designed to ensure systems reliabil- 
ity, maintain data integrity, and provide 
maximum visibility of facilities opera- 
tions. It covers the areas of data acquisi- 
tion and analysis, digital filtering, engi- 
neering conversion, and information 
storage. 

Basic functions performed by the 
operations monitor include scanning of 
status points and analog measurements, 
straight conversion of engineering val- 
ues, limit checks, and alarm and data 
storage. These functions don't contribute 
directly to energy savings, but unless a 
high performance level is maintained the 
information may be of little or no signifi- 
cance. 

The high-speed arithmetic capabilities 
of the computer can be capitalized on to 
improve system performance substantial- 
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ly. Digital inputs, for example, can be 
analyzed for a summary of status 
changes, cumulative equipment run 
time, and outstanding maintenance 
alarm. The data in turn can be used to 
generate equipment usage reports and 
preventive maintenance work orders. As 
a result of this and other improvements, 
facilities operations and maintenance 
personnel have total visibility of individ- 
ual equipment or systems-performance 
information in either tabulated or graph- 
ic form. 

Analysis functions. The operations 
monitor can only provide a reliable, 
accurate, and complete status-informa- 
tion system. When the monitor is used as 
the basis for an advanced analysis 
program, system effectiveness is multi- 
plied. Standard analysis programs in- 
clude: 

= Trend analysis and predictive con- 
trol. A basic function using linear 
programming or polynomial curve- 
fitting techniques. Its product is a math- 
ematical equation that represents the 
trend of a process variable based on a 
fixed number of past and current 
measurements (or calculated values). 

The program can automatically ana- 
lyze and answer such questions as: Is the 
cooling load increasing? Is the space 
temperature moving toward the high 
limit? Is boiler efficiency deteriorating? 
Is steam pressure approaching its critical 
limit? Fig 1 illustrates how two of the 
major variables of boiler operations can 
be monitored for preventive-maintenance 
analysis. The predicted values could be 
used as input for an application program 
or to generate a maintenance message. If 
required, it could trigger an audible 
alarm. 

= Regression analysis. An on-line 
regression-analysis program is one of the 
most powerful tools offered by digital 
computers. A mathematical equation is 
generated to identify the interrelation- 
ship of a number of selected process 


(Alkalinity) 


| Predictions - 


pH(feedwater) —» 


Time —3» 


1. Preventive maintenance is monitored 
for two key boiler variables (above, below) 


2 
5 
0) 
0n 
= 
о. 
E 
0 
Ф 
2 
Time —3» 
Air -handling unit, kW —3» 
60 
T 
" © 
o 5 
5 o LL. 
5 ЕЕ с, 
Ф = 
О. 
E M 
E g 
S 
Supply Ф 
chilled water ô 
40 


Chiller, KW yg 
2. Trade-off of chilled-water temperature 
and supply-air temperature is for a 
variable-volume air-handling unit 


3. Weather analysis is used here for 
peak-cooling-load prediction 


a Peak cooling 5 
= = 
= © 
5, E 
Uu cC 
D D 2 
5 \ ДЕ чер» СЛ у? bd ET 
G x Temperature E 
D or 
E 
a 
Time, hr (24 total) 
69 


ON-LINE 
PSYCHROMETRIC 
CHART 


Night-time 
comfort zone 


Specific humidity —3 


Day-time 
comfort zone 
Outside air 


Temperature, F 
(dry bulb) 


4. Psychrometric analysis can determine 
minimum energy consumption to maintain 
space conditions within specific limits 


Outside air 


Temperature, F (outside air) —3 


0 50 100 
Outside air, 96 


5. Free cooling is maximized by adjusting 
supply-air temperature and dampers 


6. Time response of control function 
smooths out the boiler firing rate 


Steam header 
pressure 


Smoothed function 


Firing 
rate 


T Normal control 


Time حو‎ 


70 


variables. A program with two to five 
parameters and a single dependent vari- 
able can determine very quickly, for 
example, whether the steam consump- 
tion is more closely related to weather 
conditions, equipment usage, or the 
number of people in the building. 

The same function could be used in 
reverse to determine steam-generation 
and boiler-capacity scheduling based on 
the changes (or anticipated changes) of 
those three parameters. The boiler excess 
combustion air, as another example, can 
be controlled as a function of the boiler 
firing rate, higher heating value of the 
fuel, and furnace draft. 

= Performance trade-off analysis. Ac- 
curate equipment performance, impor- 
tant for maintenance, is difficult to 
obtain manually. Boiler efficiency and 
chiller performance factors, for instance, 
vary according to load conditions. Equip- 
ment efficiencies commonly are calcu- 
lated either manually over a period of 
time, or automatically by an on-line digi- 
tal computer. When used for on-line 
equipment selection and scheduling, this 
information becomes considerably more 
effective. 

By correlating operating efficiencies 
with various load conditions, the digital 
computer can be programmed to select 
equipment that will perform at near peak 
efficiencies under anticipated load condi- 
tions, possibly leading to a reduction in 
equipment overhead, operating time, and 
energy consumed by utility throughput. 
An example is the trade-off between the 
control of supply air temperature vs 
supply chilled-water temperature for a 
large variable-volume air-handling sys- 
tem. When treated separately, the most 
economic operation can be obtained 
when the supply air temperature is at its 
minimum and the chilled-water tempera- 
ture at its maximum. 

But these objectives aren't always 
compatible because the chilled-water 
temperature may be so high that the 
reduction of the supply air temperature 
can no longer be obtained. It may be 
beneficial to reduce the chilled-water 
temperature. However, since the cost of 
each operation is dependent on variables 
like load level, on-line equipment capaci- 
ties, and equipment performance level, it 
can only be handled by an on-line 
economic analysis program (Fig 2). 

= Weather analysis. Weather is al- 
ways a variable that represents a signifi- 
cant load in heating, cooling, and humid- 
ity control. Therefore, weather condi- 
tions should be analyzed and predicted 
to schedule loads, thereby minimizing 
excess capacities. 

Real-time weather analysis and pre- 
diction can be done with a rooftop 
weather station and digital computer. A 
weather model based on empirical and 
statistical principles can be updated 


continuously by station data. As a result, 
dry-bulb temperatures and humidities at 
selected time intervals during a 24-hr 
period can be predicted with excellent 
results (Fig 3). 

ш On-line psychrometric analysis is 
one of the most effective energy-saving 
techniques for controlling space condi- 
tions. Not only does the analysis provide 
total visibility of space conditions, but it 
also identifies a two-dimensional space 
condition range, which is necessary for 
maintaining minimum energy consump- 
tion (Fig 4). 

Dimension specifications consist of 
four pairs of coordinates that define 
specific humidity and dry-bulb tempera- 
ture. They should be on-line modifiable 
to permit unlimited flexibility in speci- 
fying space condition requirements. The 
arrangement also enables the computer 
to calculate control setpoints to maintain 
space conditions precisely. 

Management information. An infor- 
mation system should provide useful 
data for generating on-line control func- 
tions and formats for man-machine 
communications. On-line digital comput- 
ers can produce reports, for example, on 
maintenance, equipment usage, energy 
consumption, maintenance work orders, 
and repair parts inventory. 

Operations control. A digital computer 
is commonly used for basic process 
control. But to fully utilize the capabili- 
ties of the device, complex functions 
should be incorporated into the program 
to provide optimized control of process 
variables under all load conditions. 

In the case of boiler optimization, the 
following control functions should be 
considered to complement supervisory or 
direct-digital control: 

= Firing rate = f (steam pressure at 
the header, steam pressure downstream, 
steam flow, boiler efficiency, furnace- 
wall temperature gradient). 

m Feedwater rate — f (level in water 
drum, steam header pressure, steam 
flow). 

= Excess air = f (firing rate, draft, 

higher heating value of fuel, fuel analy- 
sis). 
All parameters in these functions can 
also be generated by either another time- 
dependent function or on-line manual 
input. 

As a typical example, the boiler firing 
rate could be controlled to provide a 
different response function when under 
normal operation, a cold start, or an 
exceptionally large step change. This 
function requires design experiment, but 
once it's established, control is automat- 
ic, and the best transfer function is 
provided for each controlled variable. 


Specific applications 


A multitude of special computerized 
techniques can be applied to obtain 
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maximum performance and energy effi- 
cient operations, as the following shows. 

Air-handling systems. Free cooling is 
one of the most significant energy-saving 
techniques. By adjusting the mixing air- 
temperature setpoint and the supply air 
temperature leaving the coil, the actual 
free cooling range can be increased (Fig 
5). The computer identifes the most 
economical operating point on the on- 
line psychrometric diagram and adjusts 
the supply air temperature and damper 
opening to achieve maximum free cool- 
ing. It also can lead to delayed chiller 
start-up, achieving further energy sav- 
ings. 

Under computer control, the power to 
drive a variable-volume air-handling sys- 
tem can be reduced by delivering less air 
with dynamic adjustment of the supply 
air temperature. By lowering it for cool- 
ing and raising it for heating, air volume 
and its associated fan-motor horsepower 
requirements can be substantially re- 
duced. For constant-volume air-handling 
systems, however, the supply air temper- 
ature should be maintained at the high- 
est possible level for cooling and the 
lowest possible level for heating. 

Chilled-water systems. In general, 
chiller operating efficiency is directly 
proportional to the temperature differ- 
ence between supply chilled water and 
entering condenser water. To maintain 
the highest level of chiller performance, 
the supply chilled-water temperature 
should be maintained at the maximum 
allowable level, while condenser water 
temperature should be at the lowest 
allowable level. With all types of chillers, 
energy savings could result from reduced 
electricity or steam usage (that is, a 
narrower temperature difference). 

Dynamic adjustment of the chilled- 
water supply temperature should be a 
function of the chilled-water return 
temperature, chilled-water flow, the ac- 
tual cooling load and its trend, and 
space-conditioning requirements. En- 
tering condenser water temperature 
should be controlled as a function of the 
cooling tower thermal load and outside 
wet-bulb temperature. 

A key advantage of a digital computer 
vs a conventional control system is that 
the computer system can be programmed 
with control functions using measured 
and calculated variables, thereby optim- 
izing chilled-water system operation. 

Steam/hot-water regulation includes 
boiler operation, in which digital com- 
puters generally have been used only for 
fundamental monitoring functions be- 
cause of the heavy investment required 
for instruments. However, simple con- 
trols for excess air and furnace draft can 
be applied effectively with a digital 
computer. 

The use of these devices in the 
steam/hot-water generation and distri- 
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7. Distributed system with a central processor interfaces with remote computers 


bution area requires additional high- 
quality instruments to measure flow and 
pressure at strategically selected points 
for achieving complete flow balance on a 
realtime basis. Control valves with mod- 
ulating capability are also necessary to 
minimize waste in flow distribution at all 
pressure levels. 

Besides showing how much and where 
steam or hot water is used, the on-line 
flow balance also helps detect line prob- 
lems such as leakage or defective steam 
traps. A sudden drop in pressure, due to 
an unexpected change in steam usage at 
the consumption point, is detected by 
sensors that signal the computer before 
the pressure drop is felt by the firing rate 
control hardware. Depending on the size 
of the drop, the computer automatically 
selects the proper control function for a 
smooth change in boiler firing rate (Fig 
6). Thus, the boiler is operated with less 
fluctuation, raising its average efficiency 
and reducing energy consumption and 
maintenance costs. 


Distributed intelligence 


Distributed systems, already well 
known in the data-processing industry, 
may become a future trend in facilities 
and energy management. Small digital 
computers can be programmed to per- 
form certain fixed or simple functions at 
distributed or remote locations. 

A host computer improves central 
analytical capability and provides an 
interactive interface for the complete 
network. It receives, stores, and analyzes 
information from remote processors and 
then makes logical or analytical deci- 
sions. Commands are sent to remote 
processors for execution (Fig 7). 

With computers becoming more effi- 
cient and less expensive, industry can use 
more but smaller computers to form a 
distributed monitoring, control, and 
communications network. Advantages to 
selecting a distributed system: 

= Dependency on the central system is 
reduced because remote processors are 


self-sufficient in performing reduced and 
noninteractive functions. 

= For the total system, hardware and 
software costs are less per function on a 
per-point basis. One central computer 
provides the required intelligence. Soft- 
ware for the remote computer is simple 
and transferable. 

= The capacity for total monitoring 
and control points that can be handled 
by one central processor is increased 
significantly. 

= Hardware and software provide 
easy, inexpensive, and almost unlimited 
expansion. 

One of the few disadvantages is the 
initial investment, which is becoming less 
as the price of computers declines. Also, 
users must undergo a learning experi- 
ence in installing and working with a 
distributed energy-management system. 

A screen-driven English language 
technique allows the user to generate his 
own system. He can format his own 
reports, structure his own control strate- 
gies, and make changes without inter- 
rupting the entire system. Also, a high- 
level language should be provided so 
other applications programs for nonener- 
gy functions can be easily written and 
linked to the on-line scheduler. Only 
such a system can make the user totally 
self-sufficient and fully satisfy the 
requirements of his facility. 


The outlook 


A computer can greatly assist industry 
in cutting energy consumption. Within a 
matter of seconds, it can process a large 
amount of data, perform a multitude of 
complex mathematical operations and 
logic analysis, formalize vast numbers of 
diversified commands, and execute vari- 
ous control functions ranging from the 
very simple to the very complex. 

As more sophisticated computer tech- 
niques are developed and cost perform- 
ance is improved even more, on-line digi- 
tal computers will become part of the 
standard equipment used in industry. ш 
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Planning for future demand 


Though not a critical early-planning factor in the past, availability of adequate electric 
power is a major concern today in locating new plants or planning major expansions 


By Blair A Ross, American Electric Power Service Corp, and Ronald A Smith, General Motors Corp 


While the demand for electricity is 
constantly increasing, utilities’ ability to 
satisfy that demand is becoming increas- 
ingly uncertain and difficult. Rising 
costs of fuel and construction, sparked 
by inflation and environmental stan- 
dards, have made the cost of providing 
new generating capacity especially ex- 
pensive. And not only have costs 
increased disproportionately, but the 
time required to construct additional 
capacity has lengthened considerably. 
These factors make it imperative for 
utilities and industry to develop and 
maintain a policy of mutual planning 
and cooperation, not only for plant 
construction and projects, but for the 
entire life of the producer/consumer 
relationship. 

Integrated planning between the utili- 
ty and industry is vital at all phases of 
industrial-plant development. Industrial 
demands for power, in many cases, call 
for new substations. The construction of 


Recent facilities-expansion activities, cou- 
pled with compressed timing and increas- 
ing supply uncertainties, have led General 
Motors Corp to develop an integrated 
approach to electric-utility supply plan- 
ning, including conducting utility-supply 
evaluations for new plant sites and for 
handling major plant expansions. There 
are six basic steps in this approach: 

Assist divisions with corporate adminis- 
trative procedures used for new-site evalu- 
ations and facilities expansion. 

Develop utility-supply service and facil- 
ity requirements incorporating immediate, 
five-year, and long-range load and usage 
projections, taking into account potential 
impact due to gas/oil conversions, in- 
creased production, and new technology. 
A site-plan layout and a plant one-line 
supply and distribution information check- 
list are also helpful. An in-plant power- 
system modernization analysis may be 
necessary if a major production increase 
or plant expansion is planned; if plant firm 
capacity may be outgrown in 3-5 years; or 
if 5 years have elapsed since the last power 
study — even if there have been no dramat- 
ic changes in the plant. 
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these facilities involves detailed planning 
and engineering studies. To accommo- 
date demand increases, the utility must 
evaluate existing system capacity and 
appraise its ability to serve anticipated 
demand increases. Further, the utility 
and the industrial customer need to 
resolve many questions with respect to 
rates, method of service, and service 
contractual arrangements, many of 
which may require regulatory approval. 

As a general rule, performing the vari- 
ous functions required to place new facil- 
ities in service requires as long as 24 
months. In exceptional cases, where 
right-of-way or regulatory permission is 
disputed, a longer time may be required. 
Recognizing this, utilities and industrial 
customers must endeavor to evaluate 
new service requirements and begin 
planning work on facilities at the earliest 
possible date. 

Many of the planning aspects pertain- 
ing to supply facilities and capacities 


apply to other utility supplies as well. 
And while there may be differences 
between electrical-supply needs and 
water, natural gas, and sewage, many 
concepts are the same—though there 
may be added problems of supply, 
curtailment, and pricing associated with 
gas. 

Utility capacity requirements. Today 
the typical electric power system is faced 
with severe constraints in its ability to 
increase central-station capacity rapidly. 
Based on current experience, coal-fired 
generating plants take 5-8 years from 
siting to construction, and nuclear plants 
10-12 years. Thus, most of the fossil 
generation and all of the nuclear genera- 
tion for the 1980s must already be at 
least in the siting stage. In the light of 
this constraint, it is possible that, in some 
areas of the country, industrial plant 
expansion or new plants may present 
demands that will be difficult to accom- 
modate. 


General Motor's integrated approach 


Evaluate capability of suppliers to meet 
requirements for new and/or existing sites 
by analyzing each supplier's latest annual 
report, financial situation, bond rating, 
construction program, transmission-line 
and switching-station map, standard terms 
and conditions of service, as well as rates, 
facilities costs, capacities, transmission 
service conditions to the site, and provi- 
sions for future capacity expansion. 

Communicate with suppliers for pre- 
liminary evaluations, using a general 
guideline and checklist. This ensures that a 
complete analysis is made, and that all 
potential service problems are uncovered. 
It also ensures that needed information 
regarding the utility is obtained. 

Negotiate with selected supplier to 
finalize terms and conditions of service. 

Issue a letter of authorization to the 
supplier, together with execution of any 
required service agreements. 

An extensive set of guidelines and plan- 
ning checklists have been developed to 
organize these six steps into a comprehen- 
sive process. Time, effort, and cost are 
thus reduced in making site evaluations, in 
conducting and finalizing negotiations, and 


in providing facilities-planning assistance 
for existing plants. 

Load and facilities planning aspects are 
defined separately for the utility and for the 
plant, using a specific facilities-planning 
guideline. By comparison, future triggering 
points. can be identified, denoting the 
timing at which specific actions should be 
taken by the plant and supplier to improve 
supply facilities and/or services. Marginal 
service conditions for existing plants are 
also identified, thus avoiding possible 
future supply constraints. 

Prior to the first formal discussion with 
the supplier, GM forwards load material- 
ization data, a proposed one-line diagram, 
information required from the supplier, 
sample letter of authorization, GM's stan- 
dards for electric service, a facilities layout 
plan, and the right-of-license agreement. 
The supplier then marks up the letter of 
authorization and the right-of-license 
agreement to meet its requirements, and 
prepares draft construction and firm power 
contracts, a one-line of the service-supply 
arrangement proposed, and provisions for 
meeting future capacity expansion. In this 
manner, both GM and the supplier are able 
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Utility organization structure. Basic 
contact with the industrial customer is 
provided by a utility's customer-service 
department or representatives, whose 
importance cannot be over emphasized, 
for it is through them that specialists 
within the industrial and the utility 
organization establish the exchange of 
information required to coordinate the 
development of facilities to serve new 
industrial demands. 

After the initial contact, the utility 
planning department indicates to the 
customer specific information as to load 
size and service characteristics that is 
needed to develop the service plan. The 
planning department then evaluates the 
capability of the existing system to serve 
that new demand. If it determines that 
the existing system is unable to serve the 
demand, a program of new facilities to 
provide the needed capacity most eco- 
nomically is then developed. 

The engineering department is then 
responsible for routing the lines and 
siting the substations, and for the design 
of these facilities. At the same time, 
specific cost estimates are prepared, 
along with construction requisitions and 
contractual arrangements. 

The utility then determines the costs 
associated with providing the service, 
and the adequacy of anticipated reve- 
nues to support the necessary invest- 
ment. The rate department develops 
rates, tariffs, and service arrangements 
of the new service. 


to quickly review the service conditions 
and to identify possible areas of disagree- 
ment. Moreover, this formalized planning 
procedure assists GM in short- and long- 
term strategy, since this planning is made 
a formal part of our negotiations. 

Short- and long-range planning. When 
GM started working on expanded plant- 
siting activities two years ago, attention 
usually centered on some fundamental 
aspects of the electric utility, such as its 
construction program, fuel mix, overall 
financial situation, or current rate costs. 

Though these factors are still important, 
focus has shifted, as a result of assess- 
ments and experience, to aspects more 
directly related to the conditions and terms 
of service, and the facilities and costs 
involved in obtaining firm service. 

The long-range outlook of many of the 
suppliers and their ability to obtain 
adequate capital to support required con- 
struction emerged as a major concern. The 
importance of improving communications 
with suppliers by building a closer working 
relationship was also identified as critical. 

Service-related conditions became even 
more important. These included capacity 
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Finally, the utility's upper-level man- 
agement reviews all arrangements for 
serving new industrial demands that 
involve significant investment in new 
facilities. 

Utility information requirements. To 
plan for new industrial demands, the 
utility needs to know the following: 

= Magnitude of new demands. The 
principal design parameter is the peak 
anticipated demand, in kilowatts. 

= Load characteristics. The utility 
requires information as to expected 
annual energy use, the pattern of energy 
use anticipated (that is, kWh and load- 
factor data), facility power factor, and 
any special characteristics, such as 
harmonics, voltage dips, and flicker, that 
may be anticipated from industrial 
processing equipment. 

= Timing of construction power, test 
power, and, finally, full operating 
requirements help coordinate utility ser- 
vice with industrial development. 

m Timing of future increases in the 
industrial facility's demand beyond the 
initial requirements may provide sub- 
stantial savings through proper design 
and planning of the initial service facili- 
ties. 

= Service quality requirements. With 
respect to frequency of interruption, the 
effect of voltage dips on process equip- 
ment and the effect of system under or 
overvoltage conditions on process equip- 
ment must be considered in developing 
the service plan. The industrial customer 


plant-electric utility-supply planning 


available on the suppliers' transmission 
lines, reliability and adequacy of a high 
quality of service— especially important if 
the transmission system is near capacity or 
is of a lower voltage level— plans for 


upgrading the transmission system, and 


previous line-disturbance records of the 
transmission system serving the site. 

Two aspects involving customer/utility 
coordination and planning must be men- 
tioned. The first is the facilities, Space, 
cost, and timing requirements to increase 
the primary supply capacity to the next 
incremental step, either by replacement of 
the supply transformers with larger units or 
by addition of a new transformer. The 
second aspect involves coordination with 
the supplier's transmission-system capac- 
ity planning if any new, significant plant- 
load increases are envisioned. 

Large, unforeseen load increases due to 
unanticipated plant expansion can present 
problems if firm transmission or transfor- 
mation capacity is exceeded. Timing and 
capacity constraints can then delay availa- 
bility and reliability of needed power. Typi- 
cally, substation transformation addition 
or replacement can require upwards of 16 


should ascertain whether the economic 
consequences of possible outages are 
sufficiently great to justify substantial 
investments in duplicate substation ser- 
vice facilities, and in automatic circuit- 
breaker sectionalizing. In many cases, 
where short-duration interruptions can 
be tolerated, the substitution of motor- 
operated air-break switches or manual 
sectionalizing may be sufficient. 

= System capacity. Manufacturing 
capacity expansions, either at existing 
industrial plants or at new plants, are 
generally based on an assessment of 
anticipated national and regional eco- 
nomic conditions. Because of this com- 
mon basis, industrial demand increases 
tend to have an aggregate effect, with 
many expansions in an area occurring 
simultaneously. This aggregate effect 
may well result in industrial service 
restrictions because of inadequate capac- 
ity if the utilities are not able to provide 
sufficient system capacity and reserve 
margins in the future. 

Finally, the importance of a coordi- 
nated utility and industrial electric 
service system must be recognized. With 
the sophisticated computer-controlled 
processes and automated machinery be- 
ing installed in many of today's indus- 
trial plants, proper coordination of the 
plant and utility electric systems is vital. 
To assist customers and utilities, Ameri- 
can Electric Power Service Corp and 
General Motors Corp have developed 
some conceptual procedures (box). в 


months, while transmission-system up- 
grading can require up to two years. New 
plant requirements, however, can develop 
within 12-18 months. Being aware of 
current conditions and being prepared to 
cope with unexpected load expansions are 
probably the most crucial parts of the 
whole planning process. 

Expected and potential new load re- 
quirements must be carefully coordinated 
with the supplier's transmission-system 
planning. System constraints can exist, 
especially for lower-voltage subtransmis- 
sion systems іп the 40- 160-kV range. Typi- 
cally, utilities upgrade these systems on a 
planning-cycle basis, such as every five 
years. New loads, especially if they are a 
significant part of the supply-system 
capacity, can be a problem if their timing 
coincides with the end of the supplier's 
planning cycle. Being aware of the 
supplier's position in the transmission- 
capacity planning cycle ensures coordina- 
tion for any future load increases. 

Initiation of improved facilities supply 
planning must come from the customer, 
since the utilitys actions and planning 
depend on the customer's requirements. 
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1. Problems in fuel-oil storage systems: Corrosion of storage 
tanks from fuel and water containing dissolved corrosive salts; 
Sludge buildup in storage tanks from accumulated ash, sediment, 


corrosion byproducts, and polymerized hydrocarbons; plugging 
in strainers from particles of sludge and rust; and deposits in 
heaters from sludge, coked fuel, gum, and varnish 


Use additives to prevent problems 


Every stage in the fuel cycle of industrial steam generators—from preflame 
through emission collection—is a potential problem area. Chemical 
additives can offer effective solutions when used in a total control program 


By J David Martin, Nalco Chemical Co 


As energy availability becomes more 
severe, the use of chemicals as an aid to 
enhancing fuel utilization becomes in- 
creasingly attractive. The fuel cycle, 
which includes transportation, storage, 
combustion, heat transfer, and emission 
collection, has many potential problem 
areas. The effective use of chemical 
programs in a total approach to fuel 
treatment can expedite the handling of 
fuels and lower the cost of burning 
them. 

After fuels are ready for use, the fuel 
cycle begins with transportation and 
storage. Treatment of fuels during this 
portion of the cycle is known as the 
preflame stage. The benefits of fuel treat- 
ment to be gained at this stage are 
primarily those of lower maintenance 
and handling cost, increased fuel availa- 
bility, and longer equipment life. 

More complete and, therefore, more 
efficient combustion can be achieved 
through the use of combustion catalysts. 
Copper- or manganese-bearing chemi- 
cals have been widely used for this 
purpose. Magnesium- or manganese- 
bearing chemicals have been effective for 
minimizing deposits on heat-transfer sur- 
faces. This chemical treatment results in 
more efficient heat transfer and in 
decreased corrosion of metal surfaces. 

Chemicals have been used to decrease 
the emission of undesirable particulate 
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matter. Decreased emissions can mean 
the difference between (1) continued 
operation, or (2) financial penalties, or 
even shutdowns. Chemical treatment 
may allow increased production rates 
from a given unit if emissions can be 
reduced effectively. Realize, also, that 
improved collection efficiencies of elec- 
trostatic precipitators can sometimes 
provide the capability for burning lower 
cost fuels, or eliminate the need for 
building additional gas cleaning equip- 
ment such as scrubbers. 


Pinpointing the problems 


All of the foregoing benefits imply 
that some very specific problems exist or 
can exist in the fuel-burning cycle. 
Because residual fuel oil and coal are 
commonly the most troublesome fuels, 
specific problems in their fuel cycles will 
be detailed here. 

Preflame stage. Because residual oil is 
a mixture of many different hydro- 
carbons, the propensity for stratification 
of these different compounds is always 
present at the oil preflame stage. The 
heavier hydrocarbons, which exist or 
may form in storage, can settle in the 
bottom of tanks and form a sludge that 
can create these problems: 

B Loss of storage volume. Unusable 
sludge occupies space that would other- 
wise hold fuel. In times of short supply, 


this could mean the difference between 
continued operation and shutdown, or it 
could force conversion to a more expen- 
sive fuel. 

= Preflame system fouling. If sludge is 
transported through the pumps, lines, 
filters, strainers, heaters, and burners 
that constitute the preflame system (Fig 
1), it can deposit out anywhere in the 
system, leading to increased pressure 
drop and decreased flow rate. This could 
Cause poor combustion of the oil if the 
problem extends all the way to the burn- 
ers. 

= Preflame system corrosion. Oil may 
contain small amounts of water-bearing 
corrosive salts such as sodium chloride 
(NaCl). The corrosive water solution can 
attack system metal and decrease the life 
of the equipment. 

Traditionally, programs for control- 
ling problems in the oil preflame system 
have combined active recirculation and 
temperature control of the oil with the 
addition of a chemical. The additive will 
normally be a combination of the follow- 
ing: 

= Solvent. Solubilizes a portion of 
sludge particles already formed in the oil 
when delivered. 

ш Dispersant. Coats the sludge parti- 
cles, which makes them easier to suspend 
in oil. 

= Antioxidants. Minimize the tenden- 
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Table 1: Melting point of vanadium compounds 


Common name 


Eutectic of 5М№а,О-У,0,1 1У,0; 
апа М№а,О-У,0; 


Gamma sodium vanadyl vanadate 
Sodium pyrovanadate 

Sodium metavanadate 

Beta sodium vanadyl vanadate 


Vanadium pentoxide 


Sodium orthovanadate 
Vanadium trioxide 
Vanadium tetroxide 


Source: Ref 2. 


س 


Table 2: Melting point of 
complex sulfates 


Compound Melting point, F 
KFe(SO,4)s 1145 
KsAI(SO.)s 1210 
KFe(SO,); 1281' 
Na,Fe(SO,)s 1155 
Na,Al(SO,)s 1195 
NaFe(SO,), 1274! 


Source: Ref 2. 
Чп high-SO, atmosphere 


cy of olefinic hydrocarbons to oxidize in 
storage. 

= Water emulsifiers. Suspend water in 
the oil so the corrosive salts cannot 
contact system metal. They can also 
emulsify small amounts of additional 
water that may result from condensa- 
tion. Water that settles to the bottom of 
the tank, however, is best handled by 
draining when possible. 

= Corrosion inhibitors. Neutralizing 
and filming inhibitors protect system 
metal from corrosive attack. 

Problems developing during the coal 
preflame stage are obviously very differ- 
ent from those of the oil preflame stage, 
but some of the factors that lead to these 
problems are similar. Primary problems 
encountered at the coal preflame stage 
are frozen coal, fugitive dust, coal-pile 
fires, and coal-pile runoff. 

The best way to deal with these prob- 
lems is a mechanical/chemical combina- 
tion. The chemical programs currently 
recommended for the coal preflame area 
are: 

m Freeze conditioning agents. Actual 
freeze-point depressants such as glycols 
are surface-active agents that coat the 
coal particle and emulsify the surface 
moisture to minimize the bonding 
strength of ice crystals that may form. 

= Dust suppression agents. Where 
water is sprayed on coal to control fugi- 
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Compound Melting point, F 
990 
5Na,0-V,0,-11V,0; 1071 
2Na,0-V,0, 1148 
Na,O-V,0; 1166 
Na,O-V,0,-5V,0; 1218 
Na;O:3V;O; 1235 
V20; 1243 
Na,O0-6V.0, 1295 
3Na,0-V,0; 1562 
V20; _ 3580 
V20, 3580 


Table 3: Melting points in 
system MgO—V,0;— SO; 


Material Melting point, F 
MgO 5070 
3MgO-V;O; 2175! 
MgSO, 2055? 
2MgO-V;O; 1535! 
V20; 1247 


o oU HE UU E 
‘Initial melting point ?Incongruent; dissociates at melt- 
ing point 


tive dust, wetting agents and water-spray 
enhancers increase the effectiveness of 
dust suppression. 

= Coal-pile binders or sealers. These 
are water-soluble compounds that, after 
drying, form a crust across the exposed 
surfaces of a coal pile. The crust will 
protect the pile from penetration by eith- 
er water or air for up to 90 days, mini- 
mizing fugitive dust loss, coal-pile fires, 
and coal-pile runoff. Optimum perform- 
ance is achieved when the compounds 
are used in combination with a good 
program of coal-pile compaction. 

Combustion stage. In the combustion 
of either oil or coal, the problems are 
very much the same. They differ only in 
degree, depending on the quality of the 
fuel and the firing method practiced. 
Key problems are unburned carbon, high 
excess air, and flyash reinjection (coal 
only). 

Application of a chemical as a 
combustion catalyst in combination with 
good mechanical control of optimum 
excess-air levels can improve the effi- 
ciency of both oil and coal firing by 
minimizing excess air and unburned 
carbon. Such chemicals as copper and 
manganese compounds allow more fuel 
to burn with lower levels of excess air by 
lowering the activation energy required 
for the oxidation of carbon. What this 
means is that carbon ignites at a lower 


temperature. Because fuel burned in a 
heat-transfer device like a boiler only has 
a certain amount of time before it cools 
below the carbon ignition temperature, 
the lowering of that temperature in- 
creases the time available for the carbon 
to contact the oxygen and combust. 
Thus, less excess air is required to 
achieve complete combustion. 

A problem unique to units emitting 
high unburned carbon materials, like 
stoker-fired boilers, is that of high main- 
tenance requirements for flyash-reinjec- 
tion systems. As their name implies, 
these systems reinject flyash into the 
furnace to give the carbon in the flyash a 
second chance to burn. If the flyash 
passes through a fan enroute to the 
furnace, its considerable abrasiveness 
can create a severe maintenance prob- 
lem. In some cases, the use of a combus- 
tion catalyst can eliminate the need for 
flyash reinjection. 

Fireside stage. After combustion takes 
place in power boilers, potential prob- 
lems can often become more acute. 
Deposits in both the high-temperature 
zone (waterwall tubes, superheater, re- 
heater, and convection pass) and the 
cold-end (economizer, air heater, fans, 
and stack) can shorten equipment life 
due to corrosion and reduced heat trans- 
fer (Fig 2). 

In the high-temperature zone, deposits 


‘are formed as a result of low-melting- 


point compounds of sodium, vanadium, 
sulfur, and oxygen impacting tube 
surfaces in liquid form, as shown in 
Tables 1 and 2. They either remain in 
liquid form or solidify once they have 
deposited on the tube surface. In either 
case, these deposits are extremely diffi- 
cult to remove by conventional sootblow- 
ers. 

Favorable removal of these deposits is 
possible with the addition of a chemical 
capable of elevating the melting point 
and modifying the texture of the deposit. 
This is most often accomplished with a 
chemical containing magnesium. When 
almost any magnesium-bearing com- 
pound passes through a flame, it disso- 
ciates and recombines with oxygen to 
form magnesium oxide (MgO). 

As shown in Table 3, MgO itself has a 
melting point of over 5000F. It thus 
forms preferred high-melting-point com- 
pounds with the oxides of sulfur and 
vanadium. And, finally, MgO has a very 
friable (crumbly) texture that acts to 
modify the overall texture of deposits 
containing significant amounts of mag- 
nesium so they are easily removed from 
tube surfaces. 

At the cold-end, problems result from 
the presence of sulfur trioxide (SOs), 
which can combine with water vapor to 
form sulfuric acid (H,SO,). The acid is 
then available to condense on surfaces 
having temperatures below the acid 
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dewpoint. The condensed acid layer is of 
extremely low pH and is quite sticky. 
This condition acts to collect flyash on 
the acid-bearing surfaces. The resulting 
deposits act to impede heat transfer, and 
the corrosion limits equipment life. 
Magnesium and manganese are two 
generic chemicals that help to solve the 
SO, problem. To understand the role of 
each, the mechanisms by which SO, is 


formed in flue-gas streams must be 


understood. When sulfur-bearing com- 
pounds pass through a flame, they disso- 
ciate and then oxidize to SO,. A small 
portion of this SO, (1 to 3%) will oxidize 
further to SO,. Part of this oxidation will 
occur in the flame and the remainder at 
tube surfaces. The portion formed in the 
flame is the result of SO; combining with 
highly reactive atomic oxygen (O) in the 
high-temperature environment. The SO, 
formed at the tube surface is the result of 
vanadium-bearing deposits (V,O;), or to 
a lesser degree iron oxide surfaces 
(Fe;O;) catalyzing the reaction between 
SO, and molecular oxygen (О,). The 
resultant concentration of SO, deter- 
mines the acid dewpoint via the relation- 
ship shown in Fig 3. 

Magnesium can act in two different 
ways to control cold-end corrosion. 
When added either to the fuel prior to 
combustion or to the flue gas in the 
high-temperature zone, it is available to 
react with SO, to form magnesium 
sulfate (MgSO,). This reaction reduces 
the concentration of SO, in the cold-end 
and, therefore, lowers the acid dew- 
point. 

When added either to the fuel or to 
the flue-gas stream at any point, MgO 
will be collected on H,SO,-laden sur- 
faces and will act to neutralize the 
deposit mass and render it noncorrosive. 
This final mechanism can actually be 
performed by any neutralizing com- 
pound available in the flyash stream. In 
fact, in many coal-fired boilers today 
flyash serves this purpose. 

Manganese has one primary means by 
which it controls cold-end corrosion. The 
chemical poisons the catalytic effect of 
У,О; and Fe;O; at deposit surfaces. 
Other mechanisms, such as direct reac- 
tion with SO, and surface neutralization, 
have been proposed for manganese; at 
this point, however, the catalytic poison- 
ing effect appears to have the most 
credence. 

Emission stage. The final major area 
where problems occur in the fuel-burn- 
ing cycle is in the emission of flue gas 
from the stack. In oil-fired boilers, the 
primary problem is acid smut, which is 
normally defined as carbon particles 
soaked with condensed sulfuric acid. 
These particles deposit on neighboring 
homes, vegetation, and automobiles, and 
create a severe public-relations problem 
for industrial plants. Acid smut can also 
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occur in coal-fired boilers if the plant 
contains a highly inefficient electrostatic 
precipitator. Acid-related emission prob- 
lems are controlled in the same way as 
cold-end corrosion problems. 

The primary emission problem for 
coal-fired boilers is that of excess partic- 
ulate emissions due to inefficient elec- 
trostatic precipitators. Excess emissions 
result from a complex combination of 
mechanical and chemical phenomena. 
Chemical programs to control the excess 
normally involve injection of a liquid 
chemical into the flue-gas stream to 
improve the collection efficiency of the 
precipitator. 


Fuel-treatment program 


In selecting a treatment company to 
solve fuel-related problems, it is impor- 
tant to keep in mind that chemicals are 
only tools. In order to be effective, they 
have to be part of a total control 
program designed to solve problems in a 
way that is economically beneficial to 
the user. 

A total fuel-treatment program should 
be sound in these areas: 

= Technology. The supplier should 
have a good understanding of the tech- 
nology of both the cause for the problem 
and its solution. This includes an under- 


Convection 


2. High-tempera- 
ture and cold-end 
problem areas are 
these: Deposits 
consisting of coked 
fuel and fuel ash; 
slag from ash-form- 
ing elements in fuel; 
corrosion caused 
by SO; in flue gas; 
emissions consist- 
ing of acid smut; 
and plugging and 
fouling from flyash 
adhering to heat- 
transfer surfaces 


Combustion 
gases 


standing of the technology of the equip- 
ment in which the fuel is fired. 

= Chemical. The following factors 
must be considered in purchasing a 
chemical, and it must be kept in mind 
that each plays a positive or negative role 
in the effectiveness of the chemical: 
stability; pumpability; dispersability; 
reactivity; side effects; cost effectiveness; 
and compatibility with the system being 
treated. 

W Feed systems. Accurate and cost- 
effective feed rates are ensured when the 
feed-system design accommodates the 
properties of both the chemical and the 
system being treated. In most cases, the 
lower the cost of the chemical, the higher 
the cost and sophistication of the feed 
system. Because of this, the choice of 
program may often depend on such 
nontechnical factors as funding alterna- 
tives, availability of manpower to main- 
tain equipment, availability of space, 
etc. 

= Means for demonstrating results. If 
the benefits of a fuel-treatment program 
are not measurable or at least clearly 
visible, there is no justification or 
accountability for that program. A sound 
fuel-treatment program includes tests 
and monitoring to ensure value. 

= Service. A broad definition of 
service that can be applied to the fuel- 
treatment area is “anything the supplier 
of the chemical does to make the system 
to which his chemical is being applied 
work more dependably and efficiently.” 
This can involve the chemical program 
directly or be independent of it. 

The total program approach can be 
illustrated by looking more closely at 
programs for treatment of fireside resid- 
ual-oil-fired boilers. Through the years, 
three basic program types have evolved. 
These types are characterized by the 
method in which the active ingredients 
remain dispersed in the carrier fluid. The 
three categories are organometallics, 
slurries, and emulsions. 

Organometallics, as used in fuel treat- 
ment, actually is technically inaccurate 
as a word that describes any metal- 
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bearing compound that is oil soluble. 
The features of organometallic products 
are: 

= Small particle size of resultant 
metal oxide (all particles less than 0.1 
micron), which yields high reactivity per 
unit of active ingredient. 

= Oil solubility that allows treatment 
of oil storage tanks as well as fireside 
problems. 

m High package stability that permits 
long-term storage of product. 

п Viscosity characteristics (less than 
100 centipoise (cp) at 70F) that allow 
use of inexpensive and unsophisticated 
feeding equipment. 

= Premium price, which is the result 
of the high cost of raw materials and 
sophisticated manufacturing procedures. 

= Variable content of active ingre- 
dients, which is the result of (1) the 
limited solubility of organometallic com- 
pounds in hydrocarbon carriers, and (2) 
the manufacturer's discretion in his 
formulation. 

Because of these features, organome- 
tallics have most often been used by 
small plants where combustion-system 
design warrants highly reactive, multi- 
functional products, or where the invest- 
ment in sophisticated feeding equipment 
cannot be justified by the overall cost of 
fuel-burning problems. 

Slurries are suspensions of inorganic 
metal oxides or hydroxides in hydro- 
carbon or water carriers. Key features of 
slurry products are: 

= High metal content, which allows a 
large quantity of mass to be delivered to 
the problem area. 

= Low cost per pound of metal, which 
allows still more mass to be fed for the 
dollar. 

= Oil insolubility that limits the feed- 
ing location to oil en route to burners or 
to short-term storage (less than a few 
hours). 

m Higher viscosity (1500 to 5000 cp at 
70F), which is a design consideration for 
feeding equipment that restricts versatil- 
ity and increases the cost. 

= Variable package stability from 
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manufacturer to manufacturer. This sug- 
gests potential problems like active 
ingredients settling in storage, leading to 
product inefficiency and expensive dis- 
posal. The solution is to evaluate this 
area very closely. 

= Variable particle size from manu- 
facturer to manufacturer. Although all 
slurry particles are larger than organo- 
metallic (oil-soluble) particles, slurry 
particles can vary in size from 0.1 to 50 
microns or more. The reactive surface 
area is therefore highly variable. 

Because of these features, slurry 
programs are most often used in plants 
where the cost of the problems justifies 
the investment in more expensive feeding 
systems, and the boiler design does not 
preclude the use of large-particle slurry 
products. An example of such a design 
would be a gas-to-oil converted boiler 
with small flue-gas passages. 

Emulsion is the final program type. 
This unique technical approach borrows 
one of the best features of the organome- 
tallics (small particle size) and passes 
along the cost savings in manufacturing 
to yield a lower price. Thus, when emul- 
sions are made a part of the total 
program approach described earlier, the 
result can be many times over the most 
effective chemical-treatment program 
for solving fireside problems in oil-fired 
boilers. 

In the emulsion process, a water solu- 
tion of a metal-bearing compound is 
emulsified in a hydrocarbon carrier. The 
resultant product has the following 
features: 

= Small particle size of the resultant 
metal oxide (all particles less than 0.1 
micron), which yields a high reactivity. 

= Much lower price per pound of 
metal than organometallics, which 
means more reactivity for the dollar. 

= Good package stability (six months 
or longer), which allows reasonable stor- 
age time for the product. 

= Higher viscosity (2500 to 6000 cp), 
which is a design consideration for feed- 
ing equipment that restricts feed-system 
choices and increases feeder cost. 


4. Emulsion treatment requires feed system like that shown at left 


5. Acid dewpoint meter identifies dewpoint temperature 


ш Oil insolubility that limits the feed- 
ing location to oil en route to burners or 
to short-term storage of the mixture (less 
than a few hours). 

= Variable active-ingredient levels 
that result from the solubility limits of 
the metal-bearing compounds in water. 

Emulsion programs containing copper 
or manganese are suitable for improving 
combustion. Those containing magne- 
sium, manganese, or both, are suitable 
for deposit and corrosion control. A 
packaged feed system like that shown in 
Fig 4 ensures proper chemical applica- 
tion and maximum effectiveness. 

To see that the intended result of the 
fuel-treatment program is achieved, sev- 
eral analytical and monitoring services 
are offered as part of the emulsion 
program. Regular analyses of fuel-oil 
properties are recommended to ensure 
proper treatment levels and to anticipate 
problem areas. 

Other analyses to consider: (1) fireside 
deposit tests for troubleshooting the fire- 
side and for reinforcing monitoring 
results; (2) acid dewpoint and deposition 
rate studies (see Fig 5), H;SO, conden- 
sation tests, and corrosion coupon studies 
for measuring corrosion tendencies and 
monitoring the effectiveness of chemical 
programs in controlling corrosion. 

As detailed throughout this article, a 
variety of problems can exist in the fuel- 
burning cycle; those arising with coal 
and residual fuel oil can be costly. A 
program of good mechanical control, 
coupled with an effective chemical treat- 
ment program, can drastically reduce the 
cost of these problems. 

And, most important, the effectiveness 
of the chemical-treatment program de- 
pends on how well it meets the total 
program requirements for technology, 
chemicals, feed system, demonstration of 
results, and service. 8 
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No load with no power-factor controller 


1-2. Phase angle between voltage and current (left) is greatest at no load 


No load with power-factor controller 
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. PFC (right) cuts voltage, reduces losses 


New approaches cut motor kWh use 


Most-promising concept appears to be the power-factor controller developed 
at NASA. The ac synthesizer developed by Exxon Corp is beset by legal 
problems and is years away from commercial availability, while the 

Wanlass motor now is aimed at only the three-phase retrofit market 


By Eugene F Gorzelnik, Senior Editor, Electrical World magazine 


Emphasis on reducing electricity costs 
has spurred the development of ways to 
reduce the amount of electricity used by 
induction motors. Most prominent 
among these approaches are the power- 
factor controller (PFC) developed at 
NASA's Marshall Space Flight Center 
in Alabama, a recent announcement by 
Exxon Corp of a new electronic technol- 
ogy for synthesizing alternating current 
of any desired frequency and voltage, 
and development of a controlled-torque 
electric motor by Cravens L Wanlass. 
These three approaches are quite 
different. The PFC reduces losses by 
sensing the phase lag between voltage 
and current. This information is fed to 
an electronic controller, which forces the 
motor to run at a constant predeter- 


mined optimum power factor. The 
Exxon approach starts with rectified ac 
power or dc power from a battery that is 
inverted to produce a synthesized ac 
power of variable voltage and frequency, 
which is then applied to control the 
motor. The Wanlass approach involves 
maximizing motor efficiency by optimiz- 
ing the value of a capacitor in series with 
a motor's main winding, and the pres- 
ence of a control winding. 


Power-factor controller 


The PFC was developed as a result of 
a need to reduce the amount of energy 
consumed by motors used in a solar- 
heated and solar-cooled demonstration 
house at the Marshall Space Flight 
Center (MSFC). Its improved efficiency 


а ВЕЛО MCCLURE re tae TE ада ра. 
Estimating potential energy savings nationwide 


Millions Per-unit 

of units savings, W 
Typewriters 5 30 
Industrial sewing 

machine 1 60 

Washing machine 50 36! 
Dryer 35 55 
Refrigerator 50 13 
Freezer 25 17 
Fan 10 25 


At $14/bbl, the total savings are $445,000/day. Savings to utilities and from air conditioning are not included. Fuel 


Total power Total fuel 
Duty cycle, savings, savings, 

hr/day million kWh/day . bbl/day 
8 1.2 2000 
16 0.96 1600 
t 1.8 3000 
1 1.9 3200 
10 6.5 11000 
10 4.25 7000 
10 2.9 4000 


calculations are based on an energy conversion of 600 kWh/bbl ‘Units are Wh Units are load/day 
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results from less energy being wasted 
within the motor, primarily during light 
loading. 

According to Frank J Nola, who 
developed the PFC at NASA, the unit 
detects the workload on a motor by 
sensing the phase relationship between 
the voltage and current (the power 
factor) applied to the motor. When the 
PFC senses a light load (Figs 1 and 2), it 
reduces the applied voltage to the motor 
by means of a solid-state switch (triac). 
As the load is increased (Figs 3 and 4), 
the device automatically increases the 
applied voltage to satisfy loading condi- 
tions and to maintain constant speed. 

By applying to the motor only the 
voltage that is required for a given load, 
wasted energy is reduced. Because the 
PFC attaches to the lead wires of the 
motor and not in the motor itself, it can 
be applied to existing motors without 
motor modification. In addition, there is 
no sacrifice in performance, and speed 
change is less than 2%. 

The PFC has been tested at MSFC on 
about 50 motors, both single- and three- 
phase, ranging from '/2 to 5 hp (see 
table). The applications tested include 
drill presses, bench grinders, flaring 
machines, fans, pumps, typewriters, and 
major home appliances. 

Typical energy savings, Nola says, 
range from 5 to 5046, depending on load- 
ing conditions. In more-expensively-built 
motors operating at rated load and rated 
voltage, he observes, there may be no 
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Coal: Mine it, don't undermine it 


Federal policy now hinders industry's transition to coal. This consultant 
explains how, proposes changes, and offers advice to energy planners 


The uncertain availability and cost of 
future energy sources are frustrating 
America's industrial decision-makers. 
Confused by contradictory national ener- 
gy, environmental, and economic poli- 
cies, large energy users are finding it 
harder to choose confidently among oil, 
gas, coal and waste as the fuel for gener- 
ating power in future plants (box, 
below). 

What's worse, that frustration and 
confusion may become an epidemic, 
according to Jerry Gambs, a vice-presi- 
dent at the New York City-based 
consulting engineering firm of Ford, 
Bacon & Davis Inc. He foresees more 
smaller industrial energy users facing the 
same tough choice because “individual 
plants must look more and more to 
standby power systems to protect at least 
some of their load.” 

By way of explanation, Gambs pre- 
dicts that, “in the next 10-20 years, 
industry will face two serious short- 
ages—a shortage of electric power from 
utilities and a shortage of petroleum 
products used to generate steam." Prov- 
en technology can help industry cope 
with both shortages, but only if Wash- 
ington recognizes the dependence of 
America’s economic future on a realistic 
national energy plan. 

The utility shortfall, says Gambs, 
should begin to affect industry within the 
next two to four years on a regional 
basis. First to be hit will be those areas 
that depend heavily on nuclear power. 
Eyeing today’s frequent shutdowns of 
operating nuclear reactors and delays in 
the licensing of new plants, Gambs 
expects that “more frequent brownouts 


Boiler buyers high on waste, fickle on coal 


Orders for fossil-fired steam generators have declined since 1970, 
when they accounted for 87.2% of all purchases (right). Area 
above the top curve represents the capacity of units ordered that 
are designed to burn waste fuels. Reasons for the decrease in 
sales of fossil-fired boilers include: (1) conflict between fuel-use 
and environmental laws, (2) general slowdown is the US economy, 
and (3) energy conservation in industrial process plants. 

Orders for coal-fired boilers peaked at 19.8% in 1963, but then 
declined to a low of 1% in 1971, one year after passage of the 
Clean Air Act. Since then, market share has roller-coastered back 
to its traditional average of 9.4% last year. 
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and blackouts in the 1980s will mean 
that industrial plants will have a difficult 
time operating as they’ve been used to, 
with sufficient electric power.” 


Add capacity—and use it 


His solution: Install more diesel- or 
gas-turbine-based standby generating 
capacity in industrial plants. Those units, 
argues Gambs, need not sit idle, waiting 
for a power failure; they can be used in 
the interim for peak shaving if the 
plant’s electric load varies over a 24-hr 
period. Gambs adds that such a scheme 
is already in operation at several plants 
in the US. 

To cope with shortages of petroleum 
used to generate steam, Gambs recom- 
mends cogeneration because it kills two 
birds with one efficient stone. By passing 
the hot exhaust gas from a diesel engine 
or gas turbine through a heat-recovery 
boiler, a plant can meet its steam 
requirements “for free" while satisfying 
part of its electrical demands. And, by 


Market share, % by capacity 
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adding a steam turbine downstream of 
the boiler in a combined-cycle configura- 
tion, surplus electricity can be produced 
while extracting additional Btus from 
expensive fuel. 

Unfortunately, today’s diesels and gas 
turbines burn oil or gas, so Gambs 
further recommends that designers of 
new industrial plants consider coal-fired 


cogeneration “as a first alternative" 


where environmental standards allow it. 
He, and Ford, Bacon & Davis, are 
particularly high on atmospheric fluid- 
ized-bed boilers because “they are both 
high in efficiency and can satisfy emis- 
sions requirements for SO, and NO,.” 

Coal is not a panacea, however. 
Gambs urges industrial energy planners 
to weigh several aspects of coal use 
before making any decisions. Compared 
to oil, coal certainly makes sense in 
terms of availability and price. “We 
already have a global shortage of oil, 
with demand exceeding supply by almost 
2-million bbl/day, out of the free world’s 
daily consumption of 51-million bbl,” 
reports Gambs. He expects this situation 
to continue, and therefore sees oil prices 
continuing to skyrocket. 


Obstacles facing coal 


Coal, on the other hand, now is rough- 
ly one-third the price of oil, on a $/mil- 
lion-Btu basis. As for the future, Gambs 
states, “I don't believe that the price of 
coal is going to track anywhere near the 
price of oil. It hasn’t in the recent past, 
and in the future it probably will cost 
even a smaller percentage of the price of 
oil as crude escalates in price.” 

Despite favorable outlooks for coal 
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Emulsion firing —here to stay? 


Combustion 
air 


Recent studies in the combustion of heavy fuel oil emulsified with | 
water could lead to commercial acceptance with proper development. 


Fuel savings and better boiler performance are prominent benefits 


By E A Holden, General Foods Corp 


In the area of combustion, attention has 
been directed recently to oil-burner 
developments using low excess air to 
improve burner performance. One meth- 
od that has gained increasing popularity 
is the combustion of heavy fuel oil emul- 
sified with water. 

Research and development in emul- 
sion firing has been largely prompted by 
university studies and US government- 
agency grants. In Europe, the French, 
the Russians, and the Danes are likewise 
engaged in emulsion studies and asso- 
ciated equipment development. The Ca- 
nadian Combustion Research Laborato- 
ry in Ottawa is now testing a Canadian- 
built emulsifier. 

With water emulsified in heavy fuel 
oil, research has shown that fuel-oil 
atomization is improved by the microex- 
plosions of entrained water as the emul- 
sion enters the combustion chamber. 
Finer atomization thus provides expecta- 
tions of improved combustion with less 
carbon loss, less excess air, and perhaps 
better heat transfer. 

Fuel-oil/water emulsification is a ho- 
mogenization process. Some of the 
equipment is conventionally used to 
homogenize food products such as milk. 
Emulsifiers may be classified as: (1) 
positive displacement pumps that dis- 
charge the mixture against an impact 
ring, (2) centrifugal pumps that dis- 
charge the mixture through atomizing 
nozzles, and (3) high-frequency cavita- 
tion devices activated by a resonant 
generator. [n principle, these devices 
apply shear to reduce water particle size 
and cavitation to achieve uniform distri- 
bution of water particles throughout the 
oil. 

An emulsifier system is installed in a 
cabinet that is placed near the boiler 
front. Oil piping to and emulsion piping 
from the cabinet are shown in Fig. 1. A 
change from straight-oil firing to emul- 
sion firing and vice versa is activated by 
a pushbutton mounted on the front of the 
cabinet, along with pertinent instruments 
and annunciator lights. When off-normal 
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1. Emulsifier system is installed in a cabinet near the burner front. Switch from 
straight oil firing to emulsion firing is actuated by pushbutton 


conditions occur, interlocks automati- 
cally revert flow from emulsified oil to 
straight oil. 

The typical physical specifications for 
an emulsified heavy (No. 6) fuel oil are 
the following: 

M Water particle size, 5 to 10 microns 
distributed uniformly throughout the 
oil. 

= Water, 4-6% by volume. 

= Water temperature, 180F. 

The benefits claimed with emulsion 
firing include: 

ш Improved combustion. Microexplo- 
sions of emulsified water superatomizes 
the heavy fuel oil. The minute particles 
therefore undergo earlier ignition, as 
would be expected with lighter oil 
grades. 

W A shorter flame. Combustion is 
completed with less residence time in the 
furnace. 

= [ess excess air. With finer atomiza- 
tion and a shorter flame, less air is 
required to reach and to envelop flame 
tailings. 

= Less carbon loss. More complete 
burnout of carbon occurs due to super- 
atomization and a shorter intense 
flame. 

= Improved boiler efficiency. This is 
mainly due to reduced excess air and a 
cleaner boiler. 

A benefit not usually mentioned is the 
probability that emulson firing may 
replace or supplement the use of fuel-oil 


additives. Various additives are touted as 
a means of improving combustion, of 
reducing slag accumulations, and of 
controlling boiler back-end and air- 
preheater corrosion. Fuel-additive bene- 
fits, therefore, parallel expectations from 
emulsion firing, especially the claim for 
improved combustion. 

Slag reduction. For the case of a clean- 
er boiler, trials at one industrial plant 
over a period of several weeks with emul- 
sion firing showed that heavy slag, which 
had developed during straight-oil firing, 
actually disappeared from the generating 
tubes. These trials were conducted with 
1775 emulsion. The dusty deposit that 
remained after a month's continuous 
service with emulsion firing was 
white/grey in color and measured 16-3/32 
in. thick. Sootblowing was minimized, 


Key operating conditions for 
straight and emulsified oils 


Straight Emulsified 


Conditions oil oil 
Excess air, % 20 20 
Boiler exit-gas temp, F 500 500 
Fuel-oil temp, F 200 200 
Water temp, F — 180 
Emulsion water, 94 — 5 
Oil, Btu/Ib 18,500 18,500 
Emulsion, Btu/Ib — 17,575 
Ambient-air temp, F 80 80 
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that its fuel sources would be cut off. All 
the fuel used in its war machine was 
from coal converted to synthetic fuels; 
Cost was not a major consideration. 
Today, the technology exists to liquefy 
coal, but at a cost. The big push should 
be toward reducing this cost to an 
economic figure and toward developing a 
large enough synthetic-oil industry to 
have a significant impact on the level of 
imports. 

Significantly, almost on the same day 
that POWER was discussing this need 
with Leathers, West Germany's Chan- 
cellor, Helmut Schmidt was expounding 
the use of German coal as the first 
national priority for the 1980s. Coal, 
which presently accounts for 2896 of the 
energy consumed in Germany, vs 1846 in 
the US, is heavily subsidized by the 
government, and Schmidt says that this 
subsidy would rise to more than $3- 
billion a year. “We are doing this," says 
Schmidt, "because coal, although more 
expensive, is the only important source of 
energy that allows us to be independent 
of foreign decisions." 

And Leathers agrees: You've got to 
get started. You're better off laying out a 
big subsidy for energy and keeping the 
dollar strong and the balance of 
payments up." 


Thinking energy balance 


"All industry and government 
schemes should be considered in terms of 
the total energy balance—how much 
useful energy is consumed or produced 
at every stage in the cycle. This informa- 
tion is available and it's a shame to have 
people making policy decisions without 
looking into it—or without even under- 
standing it. That's why I’m so damned 
upset with those gasahol nuts," says 
Leathers. He points out that it takes 
more than twice as many Btus from 
various fuels to produce gasahol, as there 
are useable Btus in the fuel. 

He emphasizes that problems with 
total energy balance are not new. "Way 
back in the industrial revolution, coun- 
terproductive laws were passed by the 
British government because there was no 
understanding of total energy balance. 
For instance, when it was noted that 
forests were being depleted to build 
houses, a decree was passed that all 
houses should be built of bricks. But it 
took more wood in the form of fuel to 
make bricks than it would to build 
houses; so Britain lost her forests 
anyway." 

With the same energy-balance ideas in 
mind, Leathers takes out time from 
running a modern petrochemical facility 
to consider the energy problems involved 
in such basic endeavors as agriculture. 
*What's the net energy involved in corn 
production?" he asks. Through a gasifi- 
cation process, both energy to operate 
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harvesting machinery and fertilizer 
could be obtained from the stalks and 
husks (stover) left after the corn is 
reaped. Given a fixed number of acres, 
could the stover be used to obtain a net 
energy balance without additional fuel 
input?" he asks. 

"Everything has an energy component 
that must be considered in the total 
balance," Leathers points out, explaining 
that there are two basic forms of energy: 
transient, as experienced in a combustion 
process, and formative, that energy 
needed to create a material or compo- 
nent from raw materials. Energy bal- 
ances that consider both types uncover 
the flaws in many proposed “solutions” 
to the energy crisis. 

"There's a lot of talk about hydrogen 
as a fuel," he asys, “but you can calcu- 
late that if the hydrogen were free at the 
source; you'd need all the energy it 
contains just to pump it to the users." 
Geothermal energy has the same prob- 
lems. “If you had geothermal water at 
400F, you’d only use it if no other power 
source was available. Usually this water 
is found in arid areas, where the only 
available heat sink would be an air- 
cooled condenser. With isobutane as the 
working fluid, you might be able to 
extract 13% of the Btus as useful ener- 
gy—9% by the time it was electricity. 

Solar energy is of such low quality 
that the formative energy capital needed 
to build a solar plant could not easily be 
amortized by the transient energy that 
the plant generates. Leathers considers 
that passive solar systems or, more real- 
istically, buildings designed to take 
account of solar energy in the total ener- 
gy cycle, are a more profitable way to go. 

Algae cultivation is another alterna- 
tive being considered at Dow. A research 
group investigated the cultivation of an 
algae species containing the largest 
amount of sugar and protein, with the 
idea of fermentation and alcohol produc- 
tion. Results of the investigation showed 
that algae could not be grown and 
harvested at a net energy surplus. Leath- 
ers says, however, that if the algae is 
available anyway, it could be gasified to 
produce energy. “I’ve now got them 
looking at blue-green algae. This algae 
grows so fast in parts of the South that 
you can almost walk on it. I want to see 
if you can cultivate and gasify it with a 
net energy gain.” 

“The same considerations apply to 
burning garbage. If you’ve got to collect 
and transport the stuff anyway, you can 
make a case for burning it as a fuel. But, 
if you count the Btu cost of making 
garbage, the balance is ridiculous. You 
know those plastic glasses you get with 
your drink on an airplane? Well, just as 
an example, you can calculate that it 
costs 50,000 Btus just to get one pound 
of these plastic glasses on the plane." m 


Want a cleaner 
oil-fired boiler? 
Just add water 


If you still think that oil and water don’t 
mix, think again. A growing number of 
industrial energy users now substitute 
emulsions— homogenized mixtures of 
heavy oil and water—for 100% heavy oil 
to fuel their boilers. Among the reported 
benefits of the changeover: reductions in 
burner excess-air requirements and slag 
accumulations, and concomitant in- 
creases in boiler efficiency. 

One believer in emulsion firing is Ed 
Holden, an engineering consultant at 
General Foods Corp’s Technical Center 
in Tarrytown, NY. For the past few 
years, Holden and other engineers have 
been studying the effects of burning 
oil/water emulsions in industrial boilers 
at General Foods plants and elsewhere. 
His conclusion: *From past experience, 
it appears that boilers burning emulsions 
can stay cleaner than those burning 
straight oil. That means less sootblowing 
and lower maintenance costs at the end 
of the year.” 


Where have all 
our engineering 
leaders gone? 


Never before has energy decision- 
making demanded as much broad insight 
as it does today. It takes leadership to 
address all the tough issues—be they 
environmental, economic, legal, or so- 
cial—that face industrial energy users in 
a world of increasing complexity. 

Engineering still determines the suc- 
cess or failure of any energy decision, 
however, so industry needs engineering 
leaders more today then ever. Their 
assignment is difficult: To find the 
optimum solutions to energy problems 
that may be obscured by nontechnical 
considerations. Will such a new breed of 
engineers arise and take charge, or will 
we suffer yet another shortage—that of 
innovative energy-systems planners? 
One man who has doubts about the 
current status of engineering leadership 
in American industry is Frank Feeley, an 
engineering consultant to Olin Corp’s 
Chemicals Group. 

*Leadership in engineering," claims 
Feeley, “has deteriorated in my work- 
ing lifetime." His view is that today's 
graduates lack dedication to a career in 
engineering; instead, they aspire to more 
glamorous nontechnical positions. “То a 
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On-site generation can be attractive 


Peak shaving is compatible with and complementary to most 


electric-utility operations. Here are the conditions under 
which it becomes economically attractive for industry 


By Stephen H Burch, On-site Power Consultants 


On-site power generation is now becom- 
ing economically attractive under certain 
conditions, because of substantial recent 
increases in electric rates. The data 
presented here are for high-speed (1800- 
rpm) diesel/generator sets in the 100- 
to-1000-kW range. The concepts apply 
to gas engines, turbines, and slow-speed 
diesels, but the economics will be differ- 
ent. The data apply to well-engineered, 
well-constructed, and well-maintained 
installations. Lack of experience in the 
design, application, or operation can 
result in significantly increased operat- 
ing costs. 

On-site peak shaving is defined as “the 
use of an on-site generator set to comple- 
ment the electric utility in minimizing 
overall electric costs by reducing peak 
demand.” As such, it is a demand- 
management tool, and the generation of 
kWh is intentionally held to the mini- 
mum practical level necessary to achieve 
the desired reduction in peak load. 

The term, cogeneration, is used as 
defined in the National Energy Policy 
Act of 1978: A cogeneration facility 
produces “electric energy, and steam or 
other forms of useful energy, which are 
used for industrial, commercial, heating, 
or cooling purposes.” This use is essen- 
tially identical to the old term “total 
energy." Cogeneration is an energy- 
management tool, whose economics de- 
rive from the recovery and use of heat 
normally rejected in the generation 
process. These economics generally ap- 
ply only for base-load or intermediate- 
load generation. 

It is significant that there is no 
mention of a utility intertie in this defini- 
tion of cogeneration. It thus conflicts 
with a second use of the term cogenera- 
tion, which is applied to on-site genera- 
tion systems that are electrically paral- 
leled with the utility system, whether or 
not rejected heat is recovered. 

The heart of an on-site generation 
system is the engine/generator set. This 
unit is substantially identical for both 
peak-shaving and cogeneration. The 
housing, air intake, fuel, and lubrication 
systems are also similar, although they 
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may be slightly more substantial for 
cogeneration, owing to the requirements 
of continuous operation. Control systems 
for both on-site-generation approaches 
are similar in hardware, but very differ- 
ent in software. All these differences are 
minor, however, relative to differences in 
cooling and exhaust systems, which 
define and differentiate cogeneration. 

In peak-shaving systems, which are 
used for relatively few operating hours, 
there is seldom any economic merit in 
attempting to recover output heat. With 
cogeneration, however, elaborate heat- 
recovery systems may be employed, 
although such equipment can double the 
cost. Its benefit, of course, is that it can 
cut the net heat rate by 50% or more. 


Capital and operating costs 


An installed peak-shaving system will 
generally cost between $200 and 
$350/kW. The list price for a die- 
sel/generator set is roughly $125/kW. 
The controls and other ancillary equip- 
ment may range from $25 to $100/kW. 

The most unpredictable variable is 
installation and site work. An installa- 
tion in a hospital, computer center, or 
office building, for instance, may well 
exceed $300/kW; a system that can be 
placed in the boiler room of an existing 
plant, with fuel and electrical interfacing 
readily available, might cost less than 
$200/kW. 

Installed cogeneration systems typi- 
cally cost from $300 to $600/kW, with 
the primary difference being the cost of 
the heat-recovery systems. Almost every 
item required in a peak-shaving system 
will also exist in a cogeneration 
system — and it may be more expensive, 
because of redundancy and continuous 
operation. 

Operating costs include fuel, mainte- 
nance, and repair. Table 1 summarizes 
the major components of operating cost 
for on-site diesel generation. For a peak- 
shaving system, it assumes that No. 2 
diesel fuel (135,000 Btu/gal) can be 
purchased in bulk for 70¢/gal, for an 
energy cost of about $5/million Btu and 
a fuel cost of 5-6¢/kWh, depending on 


heat rate. Maintenance and repair costs 
vary widely, but are generally in the 
range of 1-2¢/kWh. These numbers 
include a sinking fund for overhaul of 
the engine/generator set between 10,000 
and 20,000 hours. 

This article considers cogeneration 
from an electrical perspective. Thus, its 
economics are expressed on a kWh basis, 
with a credit for heat recovery reducing 
the net cost of electric generation. The 
alternative is to look at cogeneration as a 
source of heat, with the byproduct, elec- 
tricity, reducing the net cost of that 
heat. 

Operating costs for cogeneration sys- 
tems are significantly lower than for 
peak shaving. Net fuel costs are lower 
because of (1) the credit for rejected 
heat recovered, (2) the lower prices on 
larger quantities of fuel purchased, and 
(3) improved fuel consumption resulting 
from better operating conditions. Main- 
tenance costs are also slightly lower, 
owing to favorable operating conditions 
and longer running hours. 

Net fuel costs for diesel cogeneration 
are 2-4¢/kWh. Gross fuel costs are 4- 
6¢/kWh, but are reduced by a heat- 
recovery credit of 1-3¢/kWh. The value 
of the heat-recovery credit depends on 
the amount of heat recovered, the cost of 
the replaced fuel, and the efficiency of 
the replaced heat load. 


System economics 


Given relatively predictable operating 
costs for on-site generation, the system 
chosen and its operating savings depend 
critically on the local utility’s rate sched- 
ule and the industrial customer’s load 
profile. 

Peak-shaving is most likely to be 
economically attractive where the utility 
has a high peak-demand charge and the 
customer has a poor load factor. Flatten- 
ing the load profile, of course, reduces 
the peak demand charge. But since the 
utility energy charge is virtually always 
lower than the generator-set operating 
cost, there is an economic loss on every 
kWh generated. Operating methods and 
equipment selection, therefore, should 
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British thermal units: 
The future currency standard 


Political and corporate decision-making must be based 
on an understanding of the fundamental nature of energy 


The second law of thermodynamics is the 
guiding principle behind all energy deci- 
sions at Dow Chemical Co. Levi Leath- 
ers, vice president of manufacturing & 
engineering technology, explains: “Ener- 
gy cascades down from its high tempera- 
ture source, passing through various 
processes until it reaches a first-law 
state. We are concerned with the useful 
parts of the cycle. But we cannot ignore 
the other parts." 

So fundamental is energy to human 
endeavors that Leathers believes a com- 
prehensive energy accounting system on 
a national, or even a worldwide scale, 
could largely replace conventional eco- 
nomics with all its problems of standards 
and exchange rates. He points to the 
work of economist Dr Wassily M Leon- 
tief, Nobel Prize winner, 1973, whose 
input-output matrix system places an 
economic value on all commercial pro- 
duction activities. “Energy,” says Leath- 
ers, “would be a much more realistic 
standard for comparison." 

Leathers points out that the British 
thermal unit is free of currency problems 
and inflation. “Different countries may 
achieve different heat rates, but this is a 
reflection of their true efficiency. In this 
respect many European plants are more 
advanced than American, because they 
have long faced high energy costs. They 
never had a fictitious energy price." 

A native of Guy's Store, Tex, Leathers 
joined Dow in 1941 in the Power Dept of 
the Texas Div at Freeport, Tex. Later 
that year, he transferred to Dow's 
central laboratory at Freeport as a 
control chemist; and then from 1943 to 
1945 he worked in several Texas division 
laboratories as a chemist. 

He held a variety of technical- 
management positions, rising to director 
of the Organic Pilot Plant Laboratory in 
1954; director of Research & Develop- 
ment in 1961; and general manager of 
the Texas Div in 1966. 
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Leathers became Director of Opera- 
tions for Dow USA, when the depart- 
ment was formed in 1968 as a result of a 
reorganization. From this position, he 
was instrumental in establishing a com- 
pany-wide system of energy accounting 
for all products. By 1974, soon after the 
first energy crisis, this scheme was 
formalized into an international system 
through which the performance of Dow 
plants could be compared. 

Energy accounting for all processes 
begins before each plant is built. Process 
engineering for all plants is conducted 
within the company. At this stage the 
energy needed to make each product, 
both in terms of the power needed for 
manufacturing and the energy value of 
the feedstocks, is considered a basic 
element of the process design. The name 
of the game is manipulation of the heat 
cycle to minimize energy consumption. 

A key to this approach is cogeneration 
of steam and electricity, which has been 
used at Dow for more than 50 years. 
Only recently has the name “cogenera- 
tion" beome a buzzword in the energy 
lexicon. 

He emphasizes the potential efficiency 
improvement in cogeneration by pointing 
out that generating electricity from a 
condensing turbine results in a maxi- 
mum efficiency of about 34%, because of 
the enormous amount of heat that goes 
to the condenser. By comparison, a pack- 
age boiler generating process steam 
operates at about 85% efficiency. Cogen- 
eration, where the steam first passes 
through a turbine before going to the 
process, attempts to obtain an overall 
efficiency toward the upper end of these 
two extremes. The diagrams in the box 
outline three cogeneration steam cycles 
that have been used at Dow. 

“Cogeneration is not without its prob- 
lems,” says Leathers, “because the 
balance between a plant’s needs for 
process steam and electric power can 


never be predicted exactly, and will 
change with business cycles.” In Dow’s 
more modern combined-cycle plants, 
some flexibility in the ratio of steam and 
electricity is possible. When less steam is 
needed, the plant switches to condensing 
turbines to raise the percentage of Btus 
going into generation. But this flexibility 
involves a higher capital investment. 

The other alternative—feeding elec- 
tricity back into the grid—also has its 
drawbacks. Leathers admits to being 
“really nervous” in this situation, with 
all the potential problems of becoming a 
regulated utility. The Midland (Michi- 
gan) plant is actually a net purchaser of 
power; but the western plant in Califor- 
nia purchases little or no power, and the 
Louisiana plant is not even connected to 
the grid. 


Gas turbines—for now 


In the newer facilities, gas turbines are 
the backbone of Dow’s energy program. 
Leathers emphasizes that Dow is a lead- 
er in the installation of gas turbines. 
High efficiency is obtained with the use 
of exhaust gas boilers for combined-cycle 
process steam cogeneration. 

Leathers explains that the compact 
size of gas turbines, combined with the 
fact that they are available in 75 to 100 
MW ratings at no cost penalty, has 
allowed Dow to move away from the 
central power-house concept. Gas tur- 
bines are now situated close to where the 
Btus are needed, so piping process steam 
over long distances is unnecessary. 
Because Dow performs its own engineer- 
ing, including specifying the waste heat 
boiler, instrumentation, etc, it can obtain 
maximum benefit from gas-turbine tech- 
nology and optimum use of fuel. 


Nuclear problems 


At the Midland plant, steam and elec- 
tricity are generated by two old coal- 
fired units, using 30-50 year old boilers. 
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Control-system options 


. . . for electronic analog instrumentation of industrial boilers center 
around integral and split architectures. Here are guidelines for 
analysis, based on application criteria and available equipment 


By Robert E Paulson, Fisher Controls Co* 


Instrumentation for industrial-boiler and 
other plant applications typically incor- 
porates (1) computing elements to 
perform continuous feedback manipula- 
tions and (2) operator interfaces to 
permit manual supervision and adjust- 
ment. The engineer designing and speci- 
fying such instrumentation for a power- 
house must make a number of funda- 
mental decisions, which will influence 
the time and effort required for develop- 
ment, the performance of the controlled 
unit, and the compatibility of the system 
with other equipment in the plant. 

At the present time, electronic analog 
instrumentation is often favored for 
industrial-boiler control. Pneumatic ana- 
log equipment tends to have problems in 
response speed and in reliability, particu- 
larly when the control panel is remote 
from the boiler. This type of instrumen- 
tation is also somewhat limited in its 
ability to perform calculations involving 
combinations of several measurements to 
yield single process variables. 

Electronic digital systems are gaining 
in popularity, but at the moment the 
smallest configuration adequate for boil- 
er control are more expensive than the 
analog instrumentation needed to do the 
job. Applications are therefore restricted 
to those in which the same process 
computer controls multiple boilers or 


*Currently employed by a Fisher Controls Co representative, 
Control Specialists Inc, El Monte, Calif. 


1. Integral-hardware architecture contains all control, 
computing, and operator interfaces in a single housing 
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several otherwise-independent process 
operations. 


Architectures — integral, split 


Even with electronic analog instru- 
mentation, a fundamental decision must 
be made between integral and split 
architectures. Although features differ 
among manufacturers, most analog elec- 
tronic equipment today can be readily 
classified in one of the two categories. 

In integral architecture, the essential 
control and interface functions for a loop 
are provided by a single assembly of 
components within one housing (Fig 1). 
These components normally are intended 
to be mounted at a panel in the control 
room. Auxiliary functions such as 
square-root extraction are performed by 
separate devices wired into the loops 
between the control-room equipment and 
the field elements. The intervening func- 
tions are sometimes implemented direct- 
ly at transmitters or final control 
elements. Alternatively, these functions 
can be performed by units having the 
same mechanical and electrical form 
factors as indicating controllers, installed 
at the control panel but fitted with blank 
faceplates. 

The field wiring is brought directly to 
the control panel. The wiring may be 
terminated at appropriate instrument 
locations, or it may be brought to a 
common junction box for ultimate distri- 


bution. Interconnections among elements 
in the panel are typically minimal, and 
when required are made through stan- 
dard backplane wiring. 

In split architecture, the control and 
interface functions are implemented as 
distinct modules (Fig 2). Signal-condi- 
tioning units are placed in racks at 
convenient locations, and only operator 
stations are mounted at the control 
panels. 

Field wiring is brought to the rack- 
mounted elements in much the same way 
it is led to the integral system panels. A 
second level of wiring is necessary, 
however, to interconnect operator sta- 
tions and rack-mounted control/condi- 
tioning modules with prefabricated mul- 
ticonductor cables. 

The differences between architectures 
can be illustrated by a boiler feedwater 
control example. A representative system 
would require square-root extraction to 
linearize steam- and water-flow mea- 
surements, subtraction to compare the 
steam flow with the drum-level correc- 
tive signal, and command signal genera- 
tion to operate valves for level and flow 
regulation. In an integral configuration, 
the five computing function would be 
performed by five components at the 
control panel (Fig 3). In a split system, 
the computing functions would be per- 
formed by seven rack-mounted devices. 
A single operator station also would be 


2. Split-hardware system has control and computing elements 
in one module, operator indicators and adjustments in another 
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Top: Bending Shop adjoins the fully 


coordinated ASME Code Weld Shop for in- 
line fabrication of all types of units. 


Below: All fabricated units are thoroughly 
tested before shipment. Plant has close 
access to interstate highways for fast 
dependable delivery. 


Boiler Tube Company, Lyman, SC 


This is Boiler Tube Company of America’s ultra-modern facility — 
over 50,000 square feet of manufacturing space equipped to 
provide everything from simple replacement pressure tubes to 
code-assembled superheaters, panel walls, burner openings, 
generating tubes and economizers. 

Here also is the largest boiler tube warehouse in the country, 
carrying at all times a complete range of carbon, alloy and 
stainless pressure tubing, in standard and heavy wall 
specifications. 

Manned by tube bending specialists and 
expert welders qualified to meet ASME Code 
standards, Boiler Tube Company responds fast 


to emergency problems — and serves many 
major companies and utilities on a “standby” 


basis for preventive maintenance. 


Write for your copy of “Boiler Tube Facts,” a 
pocket-size “encyclopedia” on boiler tube 
maintenance. 


Boiler Tube Company of America 


BOX 151, McKEES ROCKS, PENNSYLVANIA 15136 € Phone: 412/771-1320 Telex 86-6173 
BOX 157, LYMAN, S. C. 29365 € Phone: 803/439-4488 or Call Toll Free: 800/845-3052 Telex 57-0307 
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4. Integral configurations normally are developed using ISA symbology (left), split 
systems using SAMA procedures (right). A three-element feedwater loop is shown 


5. Control design opportunities are greater in split-architecture systems because 
operator stations have less depth than complete integral controllers 
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niques that are infrequently encountered 
in process plants. 

Loop complexity. If plant policies do 
not lead to a clear preference for boiler- 
control-system architecture, control-loop 
complexity often becomes the dominant 
factor in determining which class of 
instruments will be more advantageous 
for a particular application. The simplest 
control loops are those with single inputs 
and outputs, which implement standard 
feedback algorithms. Complexity in- 
creases when these needs exist: (1) nonli- 
near or other auxiliary intervening func- 
tions, (2) dependence on several mea- 
surements to yield inferred process varia- 
bles such as mass flow rate, (3) require- 
ments for interlocks or control transfers 
based on changes in process conditions, 
and (4) use of multiple outputs to mani- 
pulate such variables as fuel and air 
flows at the same time. For example, a 
simple oil- or gas-fired boiler can easily 
be controlled with an integral architec- 
ture system, while a pulverized-coal- 
fired unit might be more readily instru- 
mented with a split system. 

Integral controllers are generally fa- 
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Front access only 


12-20 in. deep 
(typical) 


Prefabricated 
cables 


SPLIT 


vored for the simpler loops. Unitized 
devices, designed specifically for the 
required function, offer smaller numbers 
of components and simpler installations. 
The result is lower design and documen- 
tation effort, higher reliability, and more 
compact mounting spaces. 

As additional tasks are incorporated in 
a control strategy, particularly functions 
requiring no direct operator intervention, 
split architecture becomes more advan- 
tageous. Benefits are obtained due to 
flexibility in selecting only essential 
modules, and in locating hardware with- 
out interfaces in high-density racks away 
from the control room. 

Industrial boilers tend to have com- 
plex loops with multiple controllers, but 
with relatively few operator indicators or 
adjustments. On this basis, a split archi- 
tecture would seem to be favored. The 
total number of such loops is small, 
however, so in a plant otherwise domi- 
nated by integral-architecture instru- 
mentation, the benefits could be easily 
outweighed by the disadvantage of intro- 
ducing a different class of equipment in 
the boiler house. 


Reliability costs. Reliability is inher- 
ently higher in integral than in otherwise 
comparable split systems because of 
fewer components and connections. The 
difference decreases in significance as 
loops become complex, because of the 
larger number of cross-connections and 
intervening devices that must be used 
even in integral systems. 

In simple loops, integral hardware is 
less expensive because of fewer compo- 
nents. In complex multiple-element ap- 
plications, the hardware cost advantage 
is reversed — split systems are less expen- 
sive because components can be selected 
for required computing functions. 

Installation of integral instrumenta- 
tion also tends to be less expensive for 
simple loops because there are fewer 
devices to mount and interconnect. In 
complex loops, installation of split equip- 
ment can be less costly if standard cables 
are available for linking the two sets of 
components. 

Mixed architecture. Some control spe- 
cialists advocate mixing integral and 
split architecture, using the former for 
simple loops and the latter for strategies 
involving extensive multiple-signal calcu- 
lations. The approach offers certain 
advantages for optimizing hardware in 
boiler applications. 

Operator stations must be restricted to 
one type, which will necessarily be inte- 
gral, to avoid confusion in the control 
room. The simpler loops can then be 
implemented directly with standard inte- 
gral controllers. 


Subjectivity and selection 


The instrumentation industry reveals a 
history of dilemmas, few of which have 
ever been resolved — and even then not 
completely. The pneumatic-vs-electronic 
argument can still be heard. The live- 
vs-null-zero controversy is solved for the 
moment, but new electronic technologies 
have caused its revival in some quarters. 
The various standard-range discussions 
seem to have abated in favor of a univer- 
sal 4 to 20 mA, but, because of intrinsic 
safety and emerging semiconductor tech- 
nologies, suggestions are being made for 
a new examination of the situation. The 
integral-vs-split question is unlikely to be 
settled with a single answer either. 

For simple process loops, such as two- 
or three-mode pressure or level control, 
integral architecture seems to be the 
obvious choice. For complex loops, such 
as those found in large-scale combustion 
control systems, the split approach 
appears to be the best. Industrial boilers 
fall between the extremes. The availabil- 
ity of two classes of instruments gives the 
control specialist the opportunity to 
make a selection— on a total system or 
an individual loop basis— with which he 
can optimize the cost effectiveness of the 
result. ш 
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4. Integral configurations normally are developed using ISA symbology (left), split 
systems using SAMA procedures (right). A three-element feedwater loop is shown 


5. Control design opportunities are greater in split-architecture systems because 
operator stations have less depth than complete integral controllers 
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niques that are infrequently encountered 
in process plants. 

Loop complexity. If plant policies do 
not lead to a clear preference for boiler- 
control-system architecture, control-loop 
complexity often becomes the dominant 
factor in determining which class of 
instruments will be more advantageous 
for a particular application. The simplest 
control loops are those with single inputs 
and outputs, which implement standard 
feedback algorithms. Complexity in- 
creases when these needs exist: (1) nonli- 
near or other auxiliary intervening func- 
tions, (2) dependence on several mea- 
surements to yield inferred process varia- 
bles such as mass flow rate, (3) require- 
ments for interlocks or control transfers 
based on changes in process conditions, 
and (4) use of multiple outputs to mani- 
pulate such variables as fuel and air 
flows at the same time. For example, a 
simple oil- or gas-fired boiler can easily 
be controlled with an integral architec- 
ture system, while a pulverized-coal- 
fired unit might be more readily instru- 
mented with a split system. 

Integral controllers are generally fa- 
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vored for the simpler loops. Unitized 
devices, designed specifically for the 
required function, offer smaller numbers 
of components and simpler installations. 
The result is lower design and documen- 
tation effort, higher reliability, and more 
compact mounting spaces. 

As additional tasks are incorporated in 
a control strategy, particularly functions 
requiring no direct operator intervention, 
split architecture becomes more advan- 
tageous. Benefits are obtained due to 
flexibility in selecting only essential 
modules, and in locating hardware with- 
out interfaces in high-density racks away 
from the control room. 

Industrial boilers tend to have com- 
plex loops with multiple controllers, but 
with relatively few operator indicators or 
adjustments. On this basis, a split archi- 
tecture would seem to be favored. The 
total number of such loops is small, 
however, so in a plant otherwise domi- 
nated by integral-architecture instru- 
mentation, the benefits could be easily 
outweighed by the disadvantage of intro- 
ducing a different class of equipment in 
the boiler house. 


Reliability costs. Reliability is inher- 
ently higher in integral than in otherwise 
comparable split systems because of 
fewer components and connections. The 
difference decreases in significance as 
loops become complex, because of the 
larger number of cross-connections and 
intervening devices that must be used 
even in integral systems. 

In simple loops, integral hardware is 
less expensive because of fewer compo- 
nents. In complex multiple-element ap- 
plications, the hardware cost advantage 
is reversed —split systems are less expen- 
sive because components can be selected 
for required computing functions. 

Installation of integral instrumenta- 
tion also tends to be less expensive for 
simple loops because there are fewer 
devices to mount and interconnect. In 
complex loops, installation of split equip- 
ment can be less costly if standard cables 
are available for linking the two sets of 
components. 

Mixed architecture. Some control spe- 
cialists advocate mixing integral and 
split architecture, using the former for 
simple loops and the latter for strategies 
involving extensive multiple-signal calcu- 
lations. The approach offers certain 
advantages for optimizing hardware in 
boiler applications. 

Operator stations must be restricted to 
one type, which will necessarily be inte- 
gral, to avoid confusion in the control 
room. The simpler loops can then be 
implemented directly with standard inte- 
gral controllers. : 


Subjectivity and selection 


The instrumentation industry reveals a 
history of dilemmas, few of which have 
ever been resolved — and even then not 
completely. The pneumatic-vs-electronic 
argument can still be heard. The live- 
vs-null-zero controversy is solved for the 
moment, but new electronic technologies 
have caused its revival in some quarters. 
The various standard-range discussions 
seem to have abated in favor of a univer- 
sal 4 to 20 mA, but, because of intrinsic 
safety and emerging semiconductor tech- 
nologies, suggestions are being made for 
a new examination of the situation. The 
integral-vs-split question is unlikely to be 
settled with a single answer either. 

For simple process loops, such as two- 
or three-mode pressure or level control, 
integral architecture seems to be the 
obvious choice. For complex loops, such 
as those found in large-scale combustion 
control systems, the split approach 
appears to be the best. Industrial boilers 
fall between the extremes. The availabil- 
ity of two classes of instruments gives the 
control specialist the opportunity to 
make a selection— on a total system or 
an individual loop basis — with which he 
can optimize the cost effectiveness of the 
result. = 
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Control-system options 


. . . for electronic analog instrumentation of industrial boilers center 
around integral and split architectures. Here are guidelines for 
analysis, based on application criteria and available equipment 


By Robert E Paulson, Fisher Controls Co* 


Instrumentation for industrial-boiler and 
other plant applications typically incor- 
porates (1) computing elements to 
perform continuous feedback manipula- 
tions and (2) operator interfaces to 
permit manual supervision and adjust- 
ment. The engineer designing and speci- 
fying such instrumentation for a power- 
house must make a number of funda- 
mental decisions, which will influence 
the time and effort required for develop- 
ment, the performance of the controlled 
unit, and the compatibility of the system 
with other equipment in the plant. 

At the present time, electronic analog 
instrumentation is often favored for 
industrial-boiler control. Pneumatic ana- 
log equipment tends to have problems in 
response speed and in reliability, particu- 
larly when the control panel is remote 
from the boiler. This type of instrumen- 
tation is also somewhat limited in its 
ability to perform calculations involving 
combinations of several measurements to 
yield single process variables. 

Electronic digital systems are gaining 
in popularity, but at the moment the 
smallest configuration adequate for boil- 
er control are more expensive than the 
analog instrumentation needed to do the 
job. Applications are therefore restricted 
to those in which the same process 
computer controls multiple boilers or 


*Currently employed by a Fisher Controls Co representative, 
Control Specialists Inc, El Monte, Calif. 


1. Integral-hardware architecture contains all control, 
computing, and operator interfaces in a single housing 
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several otherwise-independent process 
operations. 


Architectures — integral, split 


Even with electronic analog instru- 
mentation, a fundamental decision must 
be made between integral and split 
architectures. Although features differ 
among manufacturers, most analog elec- 
tronic equipment today can be readily 
classified in one of the two categories. 

In integral architecture, the essential 
control and interface functions for a loop 
are provided by a single assembly of 
components within one housing (Fig 1). 
These components normally are intended 
to be mounted at a panel in the control 
room. Auxiliary functions such as 
square-root extraction are performed by 
separate devices wired into the loops 
between the control-room equipment and 
the field elements. The intervening func- 
tions are sometimes implemented direct- 
ly at transmitters or final control 
elements. Alternatively, these functions 
can be performed by units having the 
same mechanical and electrical form 
factors as indicating controllers, installed 
at the control panel but fitted with blank 
faceplates. 

The field wiring is brought directly to 
the control panel. The wiring may be 
terminated at appropriate instrument 
locations, or it may be brought to a 
common junction box for ultimate distri- 


Setpoint 


bution. Interconnections among elements 
in the panel are typically minimal, and 
when required are made through stan- 
dard backplane wiring. 

In split architecture, the control and 
interface functions are implemented as 
distinct modules (Fig 2). Signal-condi- 
tioning units are placed in racks at 
convenient locations, and only operator 
stations are mounted at the control 
panels. 

Field wiring is brought to the rack- 
mounted elements in much the same way 
it is led to the integral system panels. A 
second level of wiring is necessary, 
however, to interconnect operator sta- 
tions and rack-mounted control/condi- 
tioning modules with prefabricated mul- 
ticonductor cables. 

The differences between architectures 
can be illustrated by a boiler feedwater 
control example. A representative system 
would require square-root extraction to 
linearize steam- and water-flow mea- 
surements, subtraction to compare the 
steam flow with the drum-level correc- 
tive signal, and command signal genera- 
tion to operate valves for level and flow 
regulation. In an integral configuration, 
the five computing function would be 
performed by five components at the 
control panel (Fig 3). In a split system, 
the computing functions would be per- 
formed by seven rack-mounted devices. 
A single operator station also would be 


2. Split-hardware system has control and computing elements 
in one module, operator indicators and adjustments in another 
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British thermal units: 
The future currency standard 


Political and corporate decision-making must be based 
on an understanding of the fundamental nature of energy 


The second law of thermodynamics is the 
guiding principle behind all energy deci- 
sions at Dow Chemical Co. Levi Leath- 
ers, vice president of manufacturing & 
engineering technology, explains: “Епег- 
gy cascades down from its high tempera- 
ture source, passing through various 
processes until it reaches a first-law 
state. We are concerned with the useful 
parts of the cycle. But we cannot ignore 
the other parts." 

So fundamental is energy to human 
endeavors that Leathers believes a com- 
prehensive energy accounting system on 
a national, or even a worldwide scale, 
could largely replace conventional eco- 
nomics with all its problems of standards 
and exchange rates. He points to the 
work of economist Dr Wassily M Leon- 
tief, Nobel Prize winner, 1973, whose 
input-output matrix system places an 
economic value on all commercial pro- 
duction activities. “Energy,” says Leath- 
ers, “would be a much more realistic 
standard for comparison.” 

Leathers points out that the British 
thermal unit is free of currency problems 
and inflation. “Different countries may 
achieve different heat rates, but this is a 
reflection of their true efficiency. In this 
respect many European plants are more 
advanced than American, because they 
have long faced high energy costs. They 
never had a fictitious energy price.” 

A native of Guy’s Store, Tex, Leathers 
joined Dow in 1941 in the Power Dept of 
the Texas Div at Freeport, Tex. Later 
that year, he transferred to Dow’s 
central laboratory at Freeport as a 
control chemist; and then from 1943 to 
1945 he worked in several Texas division 
laboratories as a chemist. 

He held a variety of technical- 
management positions, rising to director 
of the Organic Pilot Plant Laboratory in 
1954; director of Research & Develop- 
ment in 1961; and general manager of 
the Texas Div in 1966. 
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Leathers became Director of Opera- 
tions for Dow USA, when the depart- 
ment was formed in 1968 as a result of a 
reorganization. From this position, he 
was instrumental in establishing a com- 
pany-wide system of energy accounting 
for all products. By 1974, soon after the 
first energy crisis, this scheme was 
formalized into an international system 
through which the performance of Dow 
plants could be compared. 

Energy accounting for all processes 
begins before each plant is built. Process 
engineering for all plants is conducted 
within the company. At this stage the 
energy needed to make each product, 
both in terms of the power needed for 
manufacturing and the energy value of 
the feedstocks, is considered а basic 
element of the process design. The name 
of the game is manipulation of the heat 
cycle to minimize energy consumption. 

A key to this approach is cogeneration 
of steam and electricity, which has been 
used at Dow for more than 50 years. 
Only recently has the name “cogenera- 
tion" beome a buzzword in the energy 
lexicon. 

He emphasizes the potential efficiency 
improvement in cogeneration by pointing 
out that generating electricity from a 
condensing turbine results in a maxi- 
mum efficiency of about 34%, because of 
the enormous amount of heat that goes 
to the condenser. By comparison, a pack- 
age boiler generating process steam 
operates at about 85% efficiency. Cogen- 
eration, where the steam first passes 
through a turbine before going to the 
process, attempts to obtain an overall 
efficiency toward the upper end of these 
two extremes. The diagrams in the box 
outline three cogeneration steam cycles 
that have been used at Dow. 

“Cogeneration is not without its prob- 
lems,” says Leathers, “because the 
balance between a plant’s needs for 
process steam and electric power can 


never be predicted exactly, and will 
change with business cycles.” In Dow’s 
more modern combined-cycle plants, 
some flexibility in the ratio of steam and 
electricity is possible. When less steam is 
needed, the plant switches to condensing 
turbines to raise the percentage of Btus 
going into generation. But this flexibility 
involves a higher capital investment. 

The other alternative—feeding elec- 
tricity back into the grid—also has its 
drawbacks. Leathers admits to being 
“really nervous” in this situation, with 
all the potential problems of becoming a 
regulated utility. The Midland (Michi- 
gan) plant is actually a net purchaser of 
power; but the western plant in Califor- 
nia purchases little or no power, and the 
Louisiana plant is not even connected to 
the grid. 


Gas turbines—for now 


In the newer facilities, gas turbines are 
the backbone of Dow’s energy program. 
Leathers emphasizes that Dow is a lead- 
er in the installation of gas turbines. 
High efficiency is obtained with the use 
of exhaust gas boilers for combined-cycle 
process steam cogeneration. 

Leathers explains that the compact 
size of gas turbines, combined with the 
fact that they are available in 75 to 100 
MW ratings at no cost penalty, has 
allowed Dow to move away from the 
central power-house concept. Gas tur- 
bines are now situated close to where the 
Btus are needed, so piping process steam 
over long distances is unnecessary. 
Because Dow performs its own engineer- 
ing, including specifying the waste heat 
boiler, instrumentation, etc, it can obtain 
maximum benefit from gas-turbine tech- 
nology and optimum use of fuel. 


Nuclear problems 


At the Midland plant, steam and elec- 
tricity are generated by two old coal- 
fired units, using 30-50 year old boilers. 
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On-site generation can be attractive 


Peak shaving is compatible with and complementary to most 


electric-utility operations. Here are the conditions under 
which it becomes economically attractive for industry 


By Stephen H Burch, On-site Power Consultants 


On-site power generation is now becom- 
ing economically attractive under certain 
conditions, because of substantial recent 
increases in electric rates. The data 
presented here are for high-speed (1800- 
rpm) diesel/generator sets in the 100- 
to-1000-kW range. The concepts apply 
to gas engines, turbines, and slow-speed 
diesels, but the economics will be differ- 
ent. The data apply to well-engineered, 
well-constructed, and well-maintained 
installations. Lack of experience in the 
design, application, or operation can 
result in significantly increased operat- 
ing costs. 

On-site peak shaving is defined as “‘the 
use of an on-site generator set to comple- 
ment the electric utility in minimizing 
overall electric costs by reducing peak 
demand." As such, it is a demand- 
management tool, and the generation of 
kWh is intentionally held to the mini- 
mum practical level necessary to achieve 
the desired reduction in peak load. 

The term, cogeneration, is used as 
defined in the National Energy Policy 
Act of 1978: A cogeneration facility 
produces “electric energy, and steam or 
other forms of useful energy, which are 
used for industrial, commercial, heating, 
or cooling purposes." This use is essen- 
tially identical to the old term “total 
energy." Cogeneration is an energy- 
management tool, whose economics de- 
rive from the recovery and use of heat 
normally rejected in the generation 
process. These economics generally ap- 
ply only for base-load or intermediate- 
load generation. 

It is significant that there is no 
mention of a utility intertie in this defini- 
tion of cogeneration. It thus conflicts 
with a second use of the term cogenera- 
tion, which is applied to on-site genera- 
tion systems that are electrically paral- 
leled with the utility system, whether or 
not rejected heat is recovered. 

The heart of an on-site generation 
system is the engine/generator set. This 
unit is substantially identical for both 
peak-shaving and cogeneration. The 
housing, air intake, fuel, and lubrication 
systems are also similar, although they 
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may be slightly more substantial for 
cogeneration, owing to the requirements 
of continuous operation. Control systems 
for both on-site-generation approaches 
are similar in hardware, but very differ- 
ent in software. All these differences are 
minor, however, relative to differences in 
cooling and exhaust systems, which 
define and differentiate cogeneration. 

In peak-shaving systems, which are 
used for relatively few operating hours, 
there is seldom any economic merit in 
attempting to recover output heat. With 
cogeneration, however, elaborate heat- 
recovery systems may be employed, 
although such equipment can double the 
cost. Its benefit, of course, is that it can 
cut the net heat rate by 50% or more. 


Capital and operating costs 


An installed peak-shaving system will 
generally cost between $200 and 
$350/kW. The list price for a die- 
sel/generator set is roughly $125/kW. 
The controls and other ancillary equip- 
ment may range from $25 to $100/kW. 

The most unpredictable variable is 
installation and site work. An installa- 
tion in a hospital, computer center, or 
office building, for instance, may well 
exceed $300/kW; a system that can be 
placed in the boiler room of an existing 
plant, with fuel and electrical interfacing 
readily available, might cost less than 
$200/kW. 

Installed cogeneration systems typi- 
cally cost from $300 to $600/kW, with 
the primary difference being the cost of 
the heat-recovery systems. Almost every 
item required in a peak-shaving system 
will also exist in a cogeneration 
system —and it may be more expensive, 
because of redundancy and continuous 
operation. 

Operating costs include fuel, mainte- 
nance, and repair. Table 1 summarizes 
the major components of operating cost 
for on-site diesel generation. For a peak- 
shaving system, it assumes that No. 2 
diesel fuel (135,000 Btu/gal) can be 
purchased in bulk for 70¢/gal, for an 
energy cost of about $5/million Btu and 
a fuel cost of 5-6¢/kWh, depending on 


heat rate. Maintenance and repair costs 
vary widely, but are generally in the 
range of 1-2¢/kWh. These numbers 
include a sinking fund for overhaul of 
the engine/generator set between 10,000 
and 20,000 hours. 

This article considers cogeneration 
from an electrical perspective. Thus, its 
economics are expressed on a kWh basis, 
with a credit for heat recovery reducing 
the net cost of electric generation. The 
alternative is to look at cogeneration as a 
source of heat, with the byproduct, elec- 
tricity, reducing the net cost of that 
heat. 

Operating costs for cogeneration sys- 
tems are significantly lower than for 
peak shaving. Net fuel costs are lower 
because of (1) the credit for rejected 
heat recovered, (2) the lower prices on 
larger quantities of fuel purchased, and 
(3) improved fuel consumption resulting 
from better operating conditions. Main- 
tenance costs are also slightly lower, 
owing to favorable operating conditions 
and longer running hours. 

Net fuel costs for diesel cogeneration 
are 2-4¢/kWh. Gross fuel costs are 4- 
6¢/kWh, but are reduced by a heat- 
recovery credit of 1-3¢/kWh. The value 
of the heat-recovery credit depends on 
the amount of heat recovered, the cost of 
the replaced fuel, and the efficiency of 
the replaced heat load. 


System economics 


Given relatively predictable operating 
costs for on-site generation, the system 
chosen and its operating savings depend 
critically on the local utility's rate sched- 
ule and the industrial customer's load 
profile. 

Peak-shaving is most likely to be 
economically attractive where the utility 
has a high peak-demand charge and the 
customer has a poor load factor. Flatten- 
ing the load profile, of course, reduces 
the peak demand charge. But since the 
utility energy charge is virtually always 
lower than the generator-set operating 
cost, there is an economic loss on every 
kWh generated. Operating methods and 
equipment selection, therefore, should 
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that its fuel sources would be cut off. AII 
the fuel used in its war machine was 
from coal converted to synthetic fuels; 
Cost was not a major consideration. 
Today, the technology exists to liquefy 
coal, but at a cost. The big push should 
be toward reducing this cost to an 
economic figure and toward developing a 
large enough synthetic-oil industry to 
have a significant impact on the level of 
imports. 

Significantly, almost on the same day 
that POWER was discussing this need 
with Leathers, West Germany's Chan- 
cellor, Helmut Schmidt was expounding 
the use of German coal as the first 
national priority for the 1980s. Coal, 
which presently accounts for 28% of the 
energy consumed in Germany, vs 18% in 
the US, is heavily subsidized by the 
government, and Schmidt says that this 
subsidy would rise to more than $3- 
billion a year. “We are doing this,” says 
Schmidt, “because coal, although more 
expensive, is the only important source of 
energy that allows us to be independent 
of foreign decisions." 

And Leathers agrees: You've got to 
get started. You're better off laying out a 
big subsidy for energy and keeping the 
dollar strong and the balance of 
payments up." 


Thinking energy balance 


"All industry and government 
schemes should be considered in terms of 
the total energy balance— how much 
useful energy is consumed or produced 
at every stage in the cycle. This informa- 
tion is available and it's a shame to have 
people making policy decisions without 
looking into it—or without even under- 
standing it. That's why I’m so damned 
upset with those gasahol nuts," says 
Leathers. He points out that it takes 
more than twice as many Btus from 
various fuels to produce gasahol, as there 
are useable Btus in the fuel. 

He emphasizes that problems with 
total energy balance are not new. “Way 
back in the industrial revolution, coun- 
terproductive laws were passed by the 
British government because there was no 
understanding of total energy balance. 
For instance, when it was noted that 
forests were being depleted to build 
houses, a decree was passed that all 
houses should be built of bricks. But it 
took more wood in the form of fuel to 
make bricks than it would to build 
houses; so Britain lost her forests 
anyway." 

With the same energy-balance ideas in 
mind, Leathers takes out time from 
running a modern petrochemical facility 
to consider the energy problems involved 
in such basic endeavors as agriculture. 
"What's the net energy involved in corn 
production?" he asks. Through a gasifi- 
cation process, both energy to operate 
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harvesting machinery and fertilizer 
could be obtained from the stalks and 
husks (stover) left after the corn is 
reaped. Given a fixed number of acres, 
could the stover be used to obtain a net 
energy balance without additional fuel 
input?" he asks. 

"Everything has an energy component 
that must be considered in the total 
balance," Leathers points out, explaining 
that there are two basic forms of energy: 
transient, as experienced in a combustion 
process, and formative, that energy 
needed to create a material or compo- 
nent from raw materials. Energy bal- 
ances that consider both types uncover 
the flaws in many proposed "solutions" 
to the energy crisis. 

"There's a lot of talk about hydrogen 
as a fuel," he asys, “but you can calcu- 
late that if the hydrogen were free at the 
source; you'd need all the energy it 
contains just to pump it to the users." 
Geothermal energy has the same prob- 
lems. *If you had geothermal water at 
400F, you'd only use it if no other power 
source was available. Usually this water 
is found in arid areas, where the only 
available heat sink would be an air- 
cooled condenser. With isobutane as the 
working fluid, you might be able to 
extract 13% of the Btus as useful ener- 
gy — 9*6 by the time it was electricity. 

Solar energy is of such low quality 
that the formative energy capital needed 
to build a solar plant could not easily be 
amortized by the transient energy that 
the plant generates. Leathers considers 
that passive solar systems or, more real- 
istically, buildings designed to take 
account of solar energy in the total ener- 
gy cycle, are a more profitable way to go. 

Algae cultivation is another alterna- 
tive being considered at Dow. A research 
group investigated the cultivation of an 
algae species containing the largest 
amount of sugar and protein, with the 
idea of fermentation and alcohol produc- 
tion. Results of the investigation showed 
that algae could not be grown and 
harvested at a net energy surplus. Leath- 
ers says, however, that if the algae is 
available anyway, it could be gasified to 
produce energy. “I’ve now got them 
looking at blue-green algae. This algae 
grows so fast in parts of the South that 
you can almost walk on it. I want to see 
if you can cultivate and gasify it with a 
net energy gain." 

"The same considerations apply to 
burning garbage. If you've got to collect 
and transport the stuff anyway, you can 
make a case for burning it as a fuel. But, 
if you count the Btu cost of making 
garbage, the balance is ridiculous. You 
know those plastic glasses you get with 
your drink on an airplane? Well, just as 
an example, you can calculate that it 
costs 50,000 Btus just to get one pound 
of these plastic glasses on the plane." m 


Want a cleaner 
oil-fired boiler? 
Just add water 


If you still think that oil and water don't 
mix, think again. A growing number of 
industrial energy users now substitute 
emulsions — homogenized mixtures of 
heavy oil and water — for 100% heavy oil 
to fuel their boilers. Among the reported 
benefits of the changeover: reductions in 
burner excess-air requirements and slag 
accumulations, and concomitant in- 
creases in boiler efficiency. 

One believer in emulsion firing is Ed 
Holden, an engineering consultant at 
General Foods Corp's Technical Center 
in Tarrytown, NY. For the past few 
years, Holden and other engineers have 
been studying the effects of burning 
oil/water emulsions in industrial boilers 
at General Foods plants and elsewhere. 
His conclusion: “From past experience, 
it appears that boilers burning emulsions 
can stay cleaner than those burning 
straight oil. That means less sootblowing 
and lower maintenance costs at the end 
of the year." 


Where have all 
our engineering 
leaders gone? 


Never before has energy decision- 
making demanded as much broad insight 
as it does today. It takes leadership to 
address all the tough issues— be they 
environmental, economic, legal, or so- 
cial — that face industrial energy users in 
a world of increasing complexity. 

Engineering still determines the suc- 
cess or failure of any energy decision, 
however, so industry needs engineering 
leaders more today then ever. Their 
assignment is difficult: To find the 
optimum solutions to energy problems 
that may be obscured by nontechnical 
considerations. Will such a new breed of 
engineers arise and take charge, or will 
we suffer yet another shortage—that of 
innovative energy-systems planners? 
One man who has doubts about the 
current status of engineering leadership 
in American industry is Frank Feeley, an 
engineering consultant to Olin Corp's 
Chemicals Group. 

"Leadership in engineering," claims 
Feeley, “has deteriorated in my work- 
ing lifetime.” His view is that today’s 
graduates lack dedication to a career in 
engineering; instead, they aspire to more 
glamorous nontechnical positions. “То a 
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Emulsion firing —here to stay? 


Recent studies in the combustion of heavy fuel oil emulsified with 
water could lead to commercial acceptance with proper development. 
Fuel savings and better boiler performance are prominent benefits 


By E A Holden, General Foods Corp 


In the area of combustion, attention has 
been directed recently to oil-burner 
developments using low excess air to 
improve burner performance. One meth- 
od that has gained increasing popularity 
is the combustion of heavy fuel oil emul- 
sified with water. 

Research and development in emul- 
sion firing has been largely prompted by 
university studies and US government- 
agency grants. In Europe, the French, 
the Russians, and the Danes are likewise 
engaged in emulsion studies and asso- 
ciated equipment development. The Ca- 
nadian Combustion Research Laborato- 
ry in Ottawa is now testing a Canadian- 
built emulsifier. 

With water emulsified in heavy fuel 
oil, research has shown that fuel-oil 
atomization is improved by the microex- 
plosions of entrained water as the emul- 
sion enters the combustion chamber. 
Finer atomization thus provides expecta- 
tions of improved combustion with less 
carbon loss, less excess air, and perhaps 
better heat transfer. 

Fuel-oil/water emulsification is а ho- 
mogenization process. Some of the 
equipment is conventionally used to 
homogenize food products such as milk. 
Emulsifiers may be classified as: (1) 
positive displacement pumps that dis- 
charge the mixture against an impact 
ring, (2) centrifugal pumps that dis- 
charge the mixture through atomizing 
nozzles, and (3) high-frequency cavita- 
tion devices activated by a resonant 
generator. In principle, these devices 
apply shear to reduce water particle size 
and cavitation to achieve uniform distri- 
bution of water particles throughout the 
oil. 

An emulsifier system is installed in a 
cabinet that is placed near the boiler 
front. Oil piping to and emulsion piping 
from the cabinet are shown in Fig. 1. A 
change from straight-oil firing to emul- 
sion firing and vice versa is activated by 
a pushbutton mounted on the front of the 
cabinet, along with pertinent instruments 
and annunciator lights. When off-normal 
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1. Emulsifier system is installed in a cabinet near the burner front. Switch from 
straight oil firing to emulsion firing is actuated by pushbutton 


conditions occur, interlocks automati- 
cally revert flow from emulsified oil to 
straight oil. 

The typical physical specifications for 
an emulsified heavy (No. 6) fuel oil are 
the following: 

= Water particle size, 5 to 10 microns 
distributed uniformly throughout the 
oil. 

= Water, 4-6% by volume. 

= Water temperature, 180F. 

The benefits claimed with emulsion 
firing include: 

= Improved combustion. Microexplo- 
sions of emulsified water superatomizes 
the heavy fuel oil. The minute particles 
therefore undergo earlier ignition, as 
would be expected with lighter oil 
grades. 

B 4 shorter flame. Combustion is 
completed with less residence time in the 
furnace. 

= Jess excess air. With finer atomiza- 
tion and a shorter flame, less air is 
required to reach and to envelop flame 
tailings. 

B Less carbon 1055. More complete 
burnout of carbon occurs due to super- 
atomization and a shorter intense 
flame. 

m Improved boiler efficiency. This is 
mainly due to reduced excess air and a 
cleaner boiler. 

A benefit not usually mentioned is the 
probability that emulson firing may 
replace or supplement the use of fuel-oil 


additives. Various additives are touted as 
a means of improving combustion, of 
reducing slag accumulations, and of 
controlling boiler back-end and air- 
preheater corrosion. Fuel-additive bene- 
fits, therefore, parallel expectations from 
emulsion firing, especially the claim for 
improved combustion. 

Slag reduction. For the case of a clean- 
er boiler, trials at one industrial plant 
over a period of several weeks with emul- 
sion firing showed that heavy slag, which 
had developed during straight-oil firing, 
actually disappeared from the generating 
tubes. These trials were conducted with 
17% emulsion. The dusty deposit that 
remained after a month’s continuous 
service with emulsion firing was 
white/grey in color and measured 16-3⁄32 
in. thick. Sootblowing was minimized, 


Key operating conditions for 
straight and emulsified oils 


Straight Emulsified 


Conditions oil oil 
Excess air, % 20 20 
Boiler exit-gas temp, F 500 500 
Fuel-oil temp, F 200 200 
Water temp, F — 180 
Emulsion water, % — o 
Oil, Btu/Ib 18,500 18,500 
Emulsion, Btu/Ib — 17,575 
Ambient-air temp, F 80 80 
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Coal: Mine it, don't undermine it 


Federal policy now hinders industry's transition to coal. This consultant 
explains how, proposes changes, and offers advice to energy planners 


The uncertain availability and cost of 
future energy sources are frustrating 
America's industrial decision-makers. 
Confused by contradictory national ener- 
gy, environmental, and economic poli- 
cies, large energy users are finding it 
harder to choose confidently among oil, 
gas, coal and waste as the fuel for gener- 
ating power in future plants (box, 
below). 

What's worse, that frustration and 
confusion may become an epidemic, 
according to Jerry Gambs, a vice-presi- 
dent at the New York City-based 
consulting engineering firm of Ford, 
Bacon & Davis Inc. He foresees more 
smaller industrial energy users facing the 
same tough choice because "individual 
plants must look more and more to 
standby power systems to protect at least 
some of their load." 

By way of explanation, Gambs pre- 
dicts that, “in the next 10-20 years, 
industry will face two serious short- 
ages—a shortage of electric power from 
utilities and a shortage of petroleum 
products used to generate steam." Prov- 
en technology can help industry cope 
with both shortages, but only if Wash- 
ington recognizes the dependence of 
America's economic future on a realistic 
national energy plan. 

The utility shortfall, says Gambs, 
should begin to affect industry within the 
next two to four years on a regional 
basis. First to be hit will be those areas 
that depend heavily on nuclear power. 
Eyeing today's frequent shutdowns of 
operating nuclear reactors and delays in 
the licensing of new plants, Gambs 
expects that "more frequent brownouts 


Boiler buyers high on waste, fickle on coal 


Orders for fossil-fired steam generators have declined since 1970, 
when they accounted for 87.2% of all purchases (right). Area 
above the top curve represents the capacity of units ordered that 
are designed to burn waste fuels. Reasons for the decrease in 
sales of fossil-fired boilers include: (1) conflict between fuel-use 
and environmental laws, (2) general slowdown is the US economy, 
and (3) energy conservation in industrial process plants. 

Orders for coal-fired boilers peaked at 19.8% in 1963, but then 
declined to a low of 1% in 1971, one year after passage of the 
Clean Air Act. Since then, market share has roller-coastered back 
to its traditional average of 9.4% last year. 
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and blackouts in the 1980s will mean 
that industrial plants will have a difficult 
time operating as they’ve been used to, 
with sufficient electric power.” 


Add capacity апа use it 


His solution: Install more diesel- or 
gas-turbine-based standby generating 
capacity in industrial plants. Those units, 
argues Gambs, need not sit idle, waiting 
for a power failure; they can be used in 
the interim for peak shaving if the 
plant's electric load varies over a 24-hr 
period. Gambs adds that such a scheme 
is already in operation at several plants 
in the US. 

To cope with shortages of petroleum 
used to generate steam, Gambs recom- 
mends cogeneration because it kills two 
birds with one efficient stone. By passing 
the hot exhaust gas from a diesel engine 
or gas turbine through a heat-recovery 
boiler, a plant can meet its steam 
requirements “for free" while satisfying 
part of its electrical demands. And, by 


adding a steam turbine downstream of 
the boiler in a combined-cycle configura- 
tion, surplus electricity can be produced 
while extracting additional Btus from 
expensive fuel. 

Unfortunately, today's diesels and gas 
turbines burn oil or gas, so Gambs 
further recommends that designers of 
new industrial plants consider coal-fired 


cogeneration “as a first alternative" 


where environmental standards allow it. 
He, and Ford, Bacon & Davis, are 
particularly high on atmospheric fluid- 
ized-bed boilers because “they are both 
high in efficiency and can satisfy emis- 
sions requirements for SO, and NO,." 

Coal is not a panacea, however. 
Gambs urges industrial energy planners 
to weigh several aspects of coal use 
before making any decisions. Compared 
to oil, coal certainly makes sense in 
terms of availability and price. “We 
already have a global shortage of oil, 
with demand exceeding supply by almost 
2-million bbl/day, out of the free world’s 
daily consumption of 51-million bbl,” 
reports Gambs. He expects this situation 
to continue, and therefore sees oil prices 
continuing to skyrocket. 


Obstacles facing coal 


Coal, on the other hand, now is rough- 
ly one-third the price of oil, on a $/mil- 
lion-Btu basis. As for the future, Gambs 
states, "I don't believe that the price of 
coal is going to track anywhere near the 
price of oil. It hasn't in the recent past, 
and in the future it probably will cost 
even a smaller percentage of the price of 
oil as crude escalates in price." 

Despite favorable outlooks for coal 
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price and availability, Gambs sees these 
three dark clouds on its horizon: (1) the 
huge capital investment required to build 
coal-fired plants, (2) environmental re- 
strictions, and (3) an inadequate coal- 
transportation system. 

Regarding cost, Gambs admits that 
*when you compare the cost of a coal- 
fired plant with that of an oil-fired one, 
the oil-fired unit probably is still a better 
economic bet, even at today's high oil 
prices. That's because a coal-fired plant 
costs anywhere from two to three times 
more than an oil-fired system of similar 
capacity." 

But he adds, “when you're looking at a 
$50/bbl price for oil five years from now, 
coal may indeed provide lower-cost 
steam and electric power over the plant's 
lifetime." Besides, ^what can we expect 
to have in the way of oil in 50, 40 or even 
30 years?" 

Gambs thinks that industry needs tax 
incentives to justify huge capital com- 
mitments to coal-fired plants. "Sure, 
burning coal lessens our dependence on 
foreign oil and that's good for the coun- 
try. But how you interest anyone in that 
kind of investment when he won't see 
any return on it for 10 years? That 
doesn't have much appeal to the guy who 
has to make a decision today." 

According to Gambs, “the best incen- 
tive for all these coal-utilization projects 
would be either a 10046 depreciation in 
the first year, or a 50% tax credit—in 
short, a very large financial inducement 
to invest in a costly coal-fired plant." 
Existing and proposed tax incentives, he 
adds, just aren't sufficient to make new- 
plant planners hungry for coal. Nor are 
they adequate to encourage conversion 
of existing oil- and gas-fired industrial 
boilers to coal, a conclusion drawn by a 
federal-government study (see box, 
right). 

What would be the effect of such 
coal-conversion incentives on our econo- 
my? Gambs replies, "the Treasury would 
lose some tax revenues. I don’t know 
exactly how much, but I do know that 
nobody is really taking a hard enough 
look at the pros and cons of lost taxes 
versus the country's overall gain from 
reduced oil imports." 


Coal vs the environment 


Even if such incentives are made avail- 
able, however, environmental regulations 
still inhibit any large-scale transition to 
coal. Gambs’ terse suggestion: “Drasti- 
cally modify the Clean Air Act." In 
some areas, he claims, it's virtually 
impossible to put in a new coal-fired 
plant and still comply with the act's 
nondegradation clauses. "We have to 
understand that if we continue to say 
that coal can't be burned, the result will 
be greater use of oil and gas. That will 
require increased imports—far beyond 
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what anyone is willing to admit—and 
will have a disastrous impact on our 
economy." 

The third problem facing greater use 
of coal is the present inadequacy of 
America's coal-transportation system. 
Gambs claims that, in some areas of the 
country, “it’s impossible to deliver coal 
from the mine to customers." 

Since President Carter proposed that 
the country double its use of coal, Amer- 
ica's coal-transportation system has im- 
proved little, if at all. On a regional 
basis, production of western coal has 
increased substantially, so western rail- 
roads have put in additional lines. But 
eastern railroads, according to Gambs, 
*are probably in worse shape than they 
were three or four years ago." 

Who is to pay for needed improve- 
ments? Gambs thinks that railroads 
should foot the bill, and recoup their 
investment by charging higher rates. 
That's not the way it's worked, however. 
In many cases, out of sheer necessity, 
industrial plants have had to pay for 
sidings to reach the main line. "And 
there are instances," says Gambs, “of 
coal companies owning fleets of hopper 
cars and locomotives, and of even main- 
taining repair shops to keep rolling stock 
available to move coal to customers." 


Piping coal to customers 


Another possibility that intrigues 
Gambs is greater use of pipelines to 
move slurries of coal and oil or of coal 
and water. He sees pipelines as a particu- 
larly viable option in the West, where 
long distances justify it, and where large 
users like utilities need upwards of 10- 
15-million tons of coal annually. Gambs 
explains that coal/water slurries burn 
perfectly well when injected directly into 
boilers with Cyclone burners. In fact, he 
adds, such a pipeline project was engi- 
neered and build by Ford, Bacon & 
Davis in the late 1950s to serve Cleve- 
land Electric Illuminating Co. 

Builders of long-distance pipelines 
need the right of eminent domain on a 
federal basis, however, and that's where 
Congress comes in. Since Washington is 
involved in all three areas that affect 
coal's future — economic incentives, envi- 
ronmental regulations, and upgrading of 
the coal-transportation system — Gambs 
feels that industrial leaders should spend 
more time there. “In particular, they 
should be discussing the implications of 
DOE and EPA regulations that often 
emerge contrary to the intent of laws 
that authorized them." 

But what's really needed, he says, is 
direct industrial input to the legislative 
process. “Top management has a duty to 
tell their congressmen what impact 
specific bills will have on their plant and 
on their community. All too often, 
Washington operates in a vacuum." m 


Coal conversion makes 
sense at large plants 


The Powerplant & Industrial Fuel Use Act 
of 1978 requires all but the smallest indus- 
trial plants to burn fuels other than oil and 
gas—coal and process wastes, for exam- 
ple— where feasible. But widespread con- 
version to coal and alternate fuels is not 
yet taking place in the industrial sector. 

A recent study conducted by T D Ander- 
son and E C Fox of the Oak Ridge National 
Laboratory (ORNL) identifies the important 
factors that restrict the acceptance of coal 
by industry. They include: 

= Lack of substantial economic incen- 
tive to burn coal. 

m Greater financial risk, caused by the 
higher capital requirements for coal-fired 
plants than for oil-and/or gas-fired ones. 

= Lack of a clear environmental policy. 

The ORNL study— summarized in TM- 
6661, "Conversion to coal in the industrial 
sector," which is available for $5.25 
through the National Technical Information 
Service, US Dept of Commerce, 5285 Port 
Royal Rd, Springfield, Va 22161— investi- 
gates the cost of replacing existing oil- 
and/or gas-fired boilers with ones capable 
of burning coal. Recognize that the majori- 
ty of oil- and/or gas-fired boilers are not 
capable of burning coal because of their 
relatively small furnaces, tight tube spac- 
ing, etc. Thus, the use of coal is not a 
simple matter of switching fuels; rather, 
new facilities must be constructed. 

The economic feasibility of siting coal- 
fired boilers in seven major industrial areas 
was evaluated to account for regional vari- 
ations in the costs of coal and transporta- 
tion. For each area, the affordable cost of 
coal was calculated for three separate 
combustion systems and four plant sizes. 

Specifically, these were (1) stoker- and 
pulverized-coal-fired boilers burning low- 
sulfur coal, (2) stoker- and pulverized-coal- 
fired boilers using high-sulfur coal and a 
flue-gas desulfurization system, and (3) 
atmospheric fluidized-bed boilers firing 
high-sulfur coal in plants of 100,000, 
250,000, 500,000, and 1-million Ib/hr. 

Anderson and Fox drew two general 
conclusions from their work: 

= The price that can be paid for coal 
increases with the size of the installation. 
Reason: Equipment and operating costs, 
per unit of output, are less for large 
plants. 

= The cost of coal delivered to the plant 
decreases as plant output increases. Due 
to the economics of scale, large users pay 
less for coal and its transportation. 

These findings confirm earlier studies 
that concluded that the larger the plant, 
the greater the incentive to switch from oil 
and/or gas to coal. But, the ORNL study 
reveals that, in general, a plant must 
produce more than 1-million Ib/hr before 
economic incentives justify direct combus- 
tion of coal. 


95 


96 


OCP 
79250 р 


Depending оп the size of your boiler, a Kentube 
Retromiser? Fuel Economizer can cut your fuel 
costs by over $75,000 per year. 


The Retromiser Fuel Economizer is a highly effi- 
cient heat recovery device computer-designed to 
your specific needs. It can be retrofitted to your 
steam generating boiler (from 150 hp and up) to 
recover waste heat from flue gases and return this 
heat to the boiler feedwater. By recycling heat 
through this method, Retromiser greatly reduces 
the amount of fuel necessary to generate steam. 
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Here’s where you 
can save over 


$75,000 per year. 


This not only substantially lowers your fuel costs 
now, but as the energy crunch worsens, it will help 
your plant stay in production on less fuel. 

What about payback? Would you believe the 
payback for a Retromiser (exclusive of installation 
costs) can be as fast as 3.2 months! And, of course, 
these savings will continue long after your Retro- 
miser has paid for itself. 

Retromiser is backed by our more than 40 years 
of solving heat transfer problems. Let us show you 
how itcan solve problems for you now — before the 
crunch gets worse. Write Tranter, inc., 735 East 
Hazel Street, Lansing, Michigan 48909. 


very big 
in heat 
transfer 


PLATECOIL • PANHANDLE • SUPERCHANGER * KENTUBE ° FLEXOPLATE • KOLD-HOLD 
Licensees and distributors throughout the world, including Tranter Canada Ltd., Canada; S. A. Carnoy-Vandensteen, Belgium; Daikure Company Ltd., Japan. 
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Establishing cost/benefit and payback 
for a flue-gas analyzer in power plants 


Reducing excess air and stack temperature in industrial boilers can 


lead to dramatic fuel savings. Key to documenting these savings is 
the flue-gas analyzer. Here's how to relate its cost to fuel saved 


By Victor Black, Teledyne Analytical Instruments 


In the operation of industrial boilers, it is 
never possible to achieve perfect combus- 
tion efficiency (see box, below). Trace 
amounts of combustibles are always 
present, even in the most efficient reac- 
tion processes. Other variants, including 
boiler type, design, and application, have 
a more direct impact on combustion effi- 
ciency. 

The usual operating approach main- 
tains excess air flow at a higher value 
than the stoichiometric value. As shown 
in the chart, both safety and maximum 
combustion efficiency exist in the rela- 
tively narrow band from 175 to 3% 
oxygen. Boilers with air leakage, howev- 
er, may be impossible to trim to this level 
without a concurrent increase in flue-gas 
combustibles. 

As fuel costs continue to rise, the 
economics involved with combustion 
assume a higher and higher priority, as 
does the analytical instrumentation de- 
signed to measure the two prime compo- 
nents of flue gas (oxygen and combusti- 
bles) that are the best indicators of 
combustion efficiency and safe opera- 
tion. Likewise, it is certain that the 
demand of coal, mixed oils, solid wastes, 
wood derivatives, and more exotic fuels 
will increase as industry searches for 
economical and practical energy-produc- 
ing alternatives. 

Optimizing the air/fuel ratio. The best 
and most obvious approach toward 
achieving an economical solution to fuel 


costs is optimizing the air/ fuel ratio, and 
thereby avoiding both incomplete com- 
bustion (too little oxygen) and heat 
losses due to too much oxygen. Too 
much oxygen also leads to such stochas- 
tic problems as increased metal corro- 
sion, air pollution, increased power to 
operate fans, and, of course, higher fuel 
costs. 

An idea of fuel costs can be obtained 
by examining a typical electric-utility 
boiler complex, such as Southern Cali- 
fornia Edison Co's steam-generating 
plant at Etiwanda, Calif. The plant is 
used to generate a portion of the electric 
power for Los Angeles. It incorporates 
four top-fired boilers, each consuming 
12,000 bbl/day of low-sulfur Indonesian 
oil. At current prices, this represents a 
daily expenditure of approximately $1- 
million — for fuel costs alone at the steam 
plant. Obviously, any percentage savings 
in fuel achieved through improved com- 
bustion efficiency would represent cost 
savings of such magnitude as to make 
the expense for analysis instrumentation 
dwindle to insignificance. 

Calculating cost/benefit, payback. In 
the table, combustion efficiency for 
natural gas is determined when the 
amount of combustibles in the flue gas is 
negligible. Under this assumption, effi- 


ciency is a function of the percentage of 


oxygen in the dry flue-gas products and 
the flue-gas temperature for a given 
fuel—in this case, natural gas. The 


computations involved in establishing 
cost/benefit and payback are straight- 
forward: 

Step 1. Measure the stack temperature 
at the same location from which the 
flue-gas sample is to be drawn (presum- 
ably from the “‘last-pass” section of the 
boiler). 

Step 2. Take the oxygen and combusti- 
bles percentage readings. 

Step 3. Using the tabulation whose 
stack temperature is closest to that 
measure, note the efficiency percentage 
reading that coincides with the percent- 
age oxygen reading taken in Step 2. For 
purposes of constructing a model, 
assume that a 7%-oxygen reading was 
taken at a stack temperature of 350F. 
Efficiency would be noted as 79.09%. 

Step 4. Adjust the air damper to 
decrease the oxygen percentage. The 
oxygen reading, however, must be stable 
and exclude combustibles. An unstable 
reading at or below 2% oxygen could 
drop below 0% oxygen and create a 
potential explosive situation. A higher 
than desired oxygen reading that persists 
after air damping, or a consistently un- 
stable oxygen reading, could indicate an 
open furnace port, a malfunctioning 
damper, or excessive air leakage into the 
boiler. Combustibles should register be- 
low 0.1% for safe and efficient operation. 
Generally, combustion levels exceeding 
2% are potentially very explosive. 

Step 5. After adjustment, allow a few 
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minutes for the stack temperature to 
drop, then take another stack tempera- 
ture reading. Let us assume that the 
second temperature reading is 300F and 
the oxygen reading is 2%. Efficiency is 
then noted as 81.74%. 
Step 6. Compute the fuel savings (FS) 
with the following equation: 
FS = [(Improved eff — Original eff) + 
Improved eff] X Original fuel cost 
Step 7. Fuel cost for the example cited, 
before adjusting, was roughly 
$3800/month. With an original combus- 
tion efficiency of 79.0976 and an 


improved combustion efficiency of 


81.74%, the fuel savings is: 
FS = [(81.74 — 79.09) + 81.74] 
x 3800 = $123.20/month 
Step 8. With the fuel savings estab- 
lished, we can now find the payback 
period by dividing the cost of the analyz- 
er (a quality instrument will cost about 
$1800) by the fuel savings: 


Payback = Analyzer cost + Fuel 
savings = $1800 + $123.20/month 
= 14.6 months 

In this case, the analyzer will pay for 
itself in about a year and three months. 
This payback computation, however, 
does not include additional cost savings 
resulting from such benefits as longer 
boiler life, reduced overall maintenance, 
and a lesser need for pollution-control 
equipment. 

It is obvious from the fuel costs in the 
example that the boiler profiled was 
quite small. For this analysis, a portable 
flue-gas analyzer was used. It is battery- 
powered and incorporates integral 
pumps and a sample extraction and 
conditioning system. Moreover, the ana- 
lyzer registers the percentage concentra- 
tion of both oxygen and combustibles in 
the flue-gas stream on direct meter read- 
outs, making it an effective instrument in 
a cost/benefit and payback study. m 
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fuel gas from oil Combustion efficiency for gas various stack temperatures" 


Excess Excess Efficiency, % 
COMPLETE GAS air,% oxygen, % 250F 300F 350F 400F 450F 500F 550F 
CLE AN-UP SYSTEMS 0.00 0.00 83.06 82.09 81.11 80.12 79.12 78.11 77.10 
4.48 1.00 82.93 81.93 8091 79.88 7885 77.80 7674 
Я i 9.44 2.00 82.79 81.74 80.60 79.62 7854 7745 76.35 
includ Ing 14.94 3.00 82.64 81.54 8044 79.32 7820 7706 75.92 
GAS DESULFURIZ ATION 21.09 4.00 82.46 81.32 80.16 79.00 77.82 7663 75.43 
28.02 5.00 82.26 8106 79.85 7863 77.39 76.15 74.89 
PLANTS 35.86 6.00 8204 8017 7950 7821 7691 75.59 7427 
O e | 4482 7.00 81.79 80.44 79.00 7773 7635 7496 73.56 
55.16 8.00 s149 8067 . 7863 7718 7571 7424 T275 
Wilputte 67.23 9.00 81.15 79.62 78.00 76.53 7497 73.39 71.80 
81.48 10.00 8074 — 29010 77244 7577 7409 7239 1097 
CORPORATION 98.58 11.00 80.00 78.47 76.67 7486 73.03 71.19 69.32 
a Salem company 119.48 12.00 7806 © 7744 - тета ^ 9835 7474 "0072? — 67:68 
145.60 13.00 78925 9635 — 7456. 7235 . 7018 67988 6562 
192 Floral Avenue 179.18 14.00 7796 754 7305 7056 6805 ^ 60552 6297 
Murray Hill, N.J. 07974 223.93 15.00 76.60 7387 71.03 68.17 65.20 62.38 59.44 


Telephone: 201-464-5900 
Telex: 13-8847 


‘Tables are also available for the following fuels: Nos. 2 and 6 fuel oil, subbituminous coal, propane, bagasse, and wood 
chips (0, 8, 17, and 50% moisture, respectively). Stack temperatures range from 250 to 1000F in 25F increments 
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How to save energy 
and cut fuel costs 


ANSWER: 


Simple...INSULATE all 
power systems components 


In all the hassle about the energy problem, two facts 
seem certain: one, the energy crisis will get worse 
before it gets better; second, fuel costs will continue to 
rise substantially. 


How to cope with this frustrating situation? One sure-fire 
solution is to insulate all power systems components 
including especially: 


Superheated steam lines Furnace duct work 


Heat exchangers Heaters 

Kilns Tanks 

Ovens Process vessels 
Towers Stills 

Piping Furnaces 
Reformers Heated mixers 
Boilers Condensers 
Reactors Kettles 


Eagle-Picher offers a comprehensive line of mineral and 
ceramic fiber insulating materials for use on heated 
processing equipment operating at temperatures as 
high as 2300 F. The complete product line includes 
block, board, felt and blanket insulations, and pipe 
insulations. Eagle-Picher also produces custom-shaped 
insulations to original equipment manufacturers' 
specifications. Efficient, economical, fuel-saving Thermal 
Insulation... you name it, Eagle-Picher makes.it and 
delivers it promptly! 

Need insulation for your fuel economy program? We'll 
get you completely covered for maximum money- 
savings. Write or phone today for product data sheets. 


EAGLE ÊD PICHER 


EAGLE-PICHER INDUSTRIES, INC. 
Fibers Department 

580 Walnut Street, Cincinnati, OH 45202 
Phone: (513) 721-7010 

Associate Member National 

Insulation Contractors Association 
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GARDEN CITY FAN COMPANY 


We furnish full detail drawings for Wood 


Ring Oiling Reservoir 


A century 
of erowth 
hasnt chan 


sense of values. 


“Good goods, and 


never-ceasing efforts to 
make them better". 


That was the motto proclaimed back in 
1879 by the founders of Garden City 
Fan Company. And it isn't easy to im- 
prove on an idea like that. For us, it 
still stands. 


Back then we were known for move- 
ment and distribution of ambient air in 
buildings such as the new Chicago Post 
Office and Customs House, the Kansas 
City Convention Hall (at the turn of 
the century the largest such structure 
in the nation), the Denver Public Li- 
brary Building, and the monumental 
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Chicago Coliseum, along with a great 
variety of industrial and commercial air 
movement installations. 


The technology of fan and blower de- 
sign and application, as every other 
science, has advanced dramatically 
since then. The emphasis of our busi- 
ness has shifted to a specialization 
on handling superheated and highly 
corrosive and abrasive air, the high- 
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volume and pressure requirements for 
environmental control systems and 
other difficult air in complex industrial 
processes. 

But one thing remains essentially the 
same: we still try today to give our cus- 
tomers a better product and better ser- 
vice, and to do a little bit more than we 
might really have to. Which is what we 
were saying a century ago. 


Garden City Fan & Blower Company 


1749 Terminal Road, Niles, Michigan 49120 |: 
Telephone: (616) 683-1150 * 
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Getting involved in lawmaking 


Engineers are well aware of the negative effects some recent energy 
and environmental legislation is having on industrial growth. Help 
counter the trend to greater government control of industry by sharing 
your technical expertise with elected officials and their staffs 


Just about everyone in industry is famil- 
iar with the nation's energy problems. As 
an engineer, you sense something is 
wrong. You know, for instance, that: 

= The US has enough coal to satisfy 
its energy needs for hundreds of years, 
yet an energy crisis prevails and coal 
production is increasing only marginally 
on an annual basis. 

= Nuclear fuel can generate electrici- 
ty at relatively low cost and with rela- 
tively little impact on the environment, 
compared to other fuels, yet orders for 
new central stations are rare and 
construction delays and cancellations are 
common. 

The reason for this situation, a few 
experts contend, is that several laws 
passed recently by congress prevent 
industry from curing its, and the coun- 
try’s ills. 

Some new environmental statutes, for 
example, have enabled small pressure 
groups, whose views do not necessarily 
reflect those of the majority of Ameri- 
cans, curtail important industrial proj- 
ects. 

You also may remember that voters in 
at least seven states have defeated, by a 2 
to 1 margin, legislation that would have 
banned nuclear power plants. Despite 
the defeat at the polls, antinuclear 
groups continue to delay nuclear devel- 
opment by court action. In some cases, 
the delays have been so long that proj- 
ects have been cancelled because they 
are no longer economically attractive. 

In the coal fields, the Natural 
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Resources Defense Council (NRDC) 
recently used environmental laws as the 
basis for a successful suit against the 
Dept of Interior. Result of the litigation 
is that Interior must expand its already 
prepared environmental impact state- 
ment (EIS) on coal leasing. This action 
effectively freezes any new leases on 
federal lands until lengthy new EIS 
requirements are fulfilled, and that's not 
expected until 1981. (Details on this and 
other energy/environment litigation of 
interest to engineers are covered by Dr H 
Peter Metzger, manager of public-affairs 
planning for Public Service Co of 
Colorado, in his paper The coercive 
utopians: Their hidden agenda. Copies of 
the paper are available from Metzger.) 
How does all this add up? The answer 
should be obvious: If you and other 
professionals in industry do not get 
involved in the federal lawmaking pro- 
cess, the energy situation may get worse 
before it gets better. As a private citizen 
you can do little to counter the decisions 
of federal regulators, who, for the most 
part, are appointed rather than elected. 
However, you can provide valuable 
input to senators and representatives, 
and their staffs, which may help to shape 
future laws more favorably and restrict 
the power of regulatory personnel. The 
closing of a few loopholes in any piece of 
legislation can go a long way in minimiz- 
ing legal action against needed power 
plants. Remember that your thoughts, 
and those of your coworkers, often mean 
more to elected officials than your 


company's views, because your company 
doesn't vote. 


Getting to know lawmakers 


Perhaps the first step in becoming 
more active in the law-making process is 
to identify the senators from your state 
and the representative from your district. 
If you already know who they are, and 
have the addresses and telephone num- 
bers of their home offices, check to see if 
any of the congressmen you help elect 
are members of committees with juris- 
diction over energy and environmental 
legislation (see list, next page). 

Remember that congressional com- 
mittees wield a great deal of power, 
because without the approval of the 
committee given the responsibility to 
review a particular piece of legislation, 
that bill probably will not reach the floor 
of the House or Senate for a vote. Some- 
times it is easier to influence the content 
of a particular bill when it is in commit- 
tee, where a limited number of lawmak- 
ers are present, than when the entire 
Congress is involved. 

Next, familiarize yourself with the 
voting record of your senators and repre- 
sentative to see what posture they 
normally take on energy and environ- 
mental matters. The table at the end of 
the article presents some of this informa- 
tion. But it obviously does not reflect the 
thinking of freshmen congressmen. You 
can follow their voting on important 
issues in publications such as the 
Congressional Quarterly. These periodi- 
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cals, which are available in most librar- 
ies — public and company — also can keep 
you current on bills recently introduced 
in the Congress. 

When you have completed this basic 
research you are ready to contact your 
elected officials. Writing letters is one 
way of getting your views across and of 
thanking your congressmen for taking a 
particular stand on issues important to 
you. Your letters will be read, and usual- 
ly will be answered, and your views 
considered. 

In preparing a letter, keep these points 
in mind: 

= Make your letter as complete and as 
technically correct as possible. 

= Come right to the point; make your 
letter as short as possible. The most 
effective letters are one page or less— 
and have wide margins. Figure that if it 
takes you more than about 10 minutes to 
draft a letter it probably has too much 
detail and this causes it to lose impact. 

= State your position clearly and give 
supporting and convincing reasons for it. 
Reinforce your position with facts and 
figures. 

= Keep a friendly tone. 

= Write your letter in a manner that 
permits you to send copies of it to 
others—such as members of committees 
and subcommittees handling the particu- 
lar bill (especially the committee chair- 
man), the bill's sponsors, etc. 


Personal contact often is more effec- 
tive than a letter. You can call your 
representative's secretary in Washington 
(table, right) or in his home district for 
an appointment. The latter is recom- 
mended. At home, schedules usually 
allow more time for meetings with 
constituents and your suggestions can be 
given greater consideration. Some things 
to remember before you visit: 

= Keep the discussion simple and get 
right to the point. Elected officials 
generally have limited knowledge on 
scientific and engineering subjects. In 
the last Congress, for example, only five 
senators and representatives had techni- 
cal backgrounds. 

= Do not try to cover too many topics 
at one meeting; people often become 
sidetracked when several subjects are 
discussed at one time. 

W Come prepared with voting records. 
Ask questions. Find out why your 
congressman voted the way he did on 
certain bills. 

= Follow up your visit with a letter 
which briefly summarizes your main 
points and thank your congressman for 
his time. 


Phone, wires effective, too 


Telephone calls are effective, too, 
particularly a day or two before a vote on 
bill of interest to you is scheduled. You 
can call the congressman either in Wash- 


ington or in his local office. An aide will 
record your message. Note that western- 
ers can make calls to Washington very 
cheaply if they call before 8 a.m. local 
time. 

Finally, do not neglect wires. Rates 
are $2 for a 15-word public-opinion 
message and $2.75 for a 100-word mail- 
gram. Simply dial Western Union toll- 
free at 800/257-2241 (from New Jersey, 
dial 800/632-2271) and tell the operator 
the name of the congressman the 
message goes to. The charge for the wire 
will be added to your monthly telephone 
bill. 

Compiled by Marcia Vanterpool 
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Know members of key Senate 


and House committees 


SENATE 


Commerce, Science & Transportation 


Knowing the members of key Senate and House committees 
. with jurisdiction over energy and environmental matters (see 
tabulation below) is extremely important. Bear in mind that, 
without approval of the committee given the responsibility to 
review a particular piece of legislation, that bill probably will 
not reach the floor of the House or Senate for a vote. 

Typically, legislation introduced in the House and/or Senate 
is referred to a committee for review. The committee, in turn, 
passes it to a specialized subcommittee for study, hearings 
(you can participate in them as an interested party), revisions, 
and approval. Note that the jurisdiction and names of subcom- 
mittees may change from session to session, so you should 
contact the subcommittee chairman's office to identify current 
responsibilities. 

After subcommittee action, the bill goes back to the full 
committee where further hearings may be held and revisions 
made. Finally, the full committee may approve the bill and 
recommend that the chamber it serves pass the proposal. A bill 
rarely is given an unfavorable report. Instead, no action is 
taken, thereby killing it. 

After a bill is approved by the full House or Senate (it may be 
amended on the floor before passage), it is sent to the other 
house for consideration. There it goes through a similar review 
process. Bills that survive both houses (often a House / Senate 
conference committee must be convened to work out the final 
details of the legislation) are sent to the President for his 
signature. If he decides to veto the legislation, a two-thirds 
majority of both houses is needed to override the veto and 
make the bill law. 
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Jurisdiction of the Commerce, Science & Transportation Commit- 
tee (202/224-5115) includes science, engineering, technology, 
and research and development policy. Members of the committee 


are listed below: 


Howard Cannon (Nev), Chairman 
Warren Magnuson (Wash) 
Russell Long (La) 

Ernest Hollings (SC) 

Daniel Inouye (Hawaii) 

Adlai Stevenson (Ill) 

Wendell Ford (Ky) 

Donald Riegle, Jr (Mich) 

J James Exon (Neb) 


Howell Heflin (Ala) 

Bob Packwood (Ore) 
Barry Goldwater (Ariz) 
Harrison Schmitt (NM) 
John Danforth (Mo) 
Nancy Kassebaum (Kans) 
Larry Pressler (SD) 

John Warner (Va) 


Energy & Natural Resources 

Jurisdiction of the Energy & Natural Resources Committee 
(202/224-4971) includes energy policy, regulation, conservation, 
research and development; solar and nuclear energy; oil, gas, and 
coal production and distribution; mining; hydroelectric power. 
Subcommittees of particular interest to power engineers and their 
chairmen are these: 

Energy Research & Development — Frank Church 

Energy Regulation — Bennet Johnston 

Energy Conservation & Supply — John Durkin 

Energy Resources & Materials Production — Wendell Ford 


Members of the main committee are listed below: 


Henry Jackson (Wash), Chairman Paul Tsongas (Mass) 
Frank Church (Idaho) Bill Bradley (NJ) 

J Bennet Johnston (La) Mark Hatfield (Ore) 

Dale Bumpers (Ark) James McClure (Idaho) 
Wendell Ford (Ky) Lowell Weicker, Jr (Conn) 
John Durkin (NH) Pete Domenici (NM) 
Howard Metzenbaum (Ohio) Ted Stevens (Alaska) 
Spark Matsunaga (Hawaii) Henry Bellmon (Okla) 
John Melcher (Mont) Malcolm Wallop (Wyo) 
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Environment & Public Works 

Jurisdiction of the Environment & Public Works Committee 
(202/224-6176) includes environmental policy, research and 
development; ocean dumping; solid-waste disposal and recycling; 
water resources; water, air, and noise pollution; environmental 
regulation; control of nuclear energy. Subcommittees of particular 
interest to power engineers and their chairmen are these: 
Environmental Pollution — Edmund Muskie 

Water Resources — Mike Gravel 

Nuclear Regulation — Gary Hart 


Members of the main committee are listed below: 
Jennings Randolph (W Va), Chairman Daniel Moynihan (NY) 
Edmund Muskie (Me) Robert Stafford (Vt) 
Mike Gravel (Alaska) Howard Baker, Jr (Tenn) 
Lloyd Bentsen (Tex) Pete Domenici (NM) 
Quentin Burdick (ND) John Chafee (RI) 
John Culver (lowa) Alan Simpson (Wyo) 
Gary Hart (Colo) Larry Pressler (SD) 
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Government Operations 

Jurisdiction of the Government Operations Committee (202/225- 
5051) includes the budget and overall economy and efficiency of 
government operation at all levels. The subcommittee of particular 
interest to power engineers and its chairman is: 

Environment, Energy & Natural Resources (202/225-6427)— 
Anthony Toby Moffett 


Members of the main committee are listed below: 


Jack Brooks (Tex), Chairman Peter Kostmayer (Pa) 

L H Fountain (NC) Ted Weiss (NY) 

Dante Fascell (Fla) Michael Synar (Okla) 
William Moorhead (Pa) Robert Matsui (Calif) 
Fernand St Germain (RI) Eugene Atkinson (Pa) 
Don Fuqua (Fla) Frank Horton (NY) 

John Conyers, Jr (Mich) John Erlenborn (Ill) 
Cardiss Collins (ll) John Wydler (NY) 

John Burton (Calif) Clarence Brown (Ohio) 
Richardson Preyer (NC) Paul McCloskey, Jr (Calif) 
Robert Drinan (Mass) Thomas Kindness (Ohio) 
Glenn English (Okla) Robert Walker (Pa) 
Elliot Levitas (Ga) Arlan Stangeland (Minn) 
David Evans (Ind) M Caldwell Butler (Va) 
Anthony Toby Moffett (Conn) Lyle Williams (Ohio) 
Andrew Maguire (NJ) Jim Jeffries (Kans) 

Les Aspin (Wis) Olympia Snowe (Me) 
Henry Waxman (Calif) Wayne Grisham (Calif) 
Floyd Fithian (Ind) H Joel Deckard (Ind) 
Benjamin Rosenthal (NY) 


Interior & Insular Affairs 

Jurisdiction of the Interior & Insular Affairs Committee (202/225- 
2761) includes mineral-land laws and claims; mining; petroleum 
conservation; regulation, research, and development of the 
domestic nuclear-energy industry. Subcommittees of particular 
interest to power engineers and their chairmen are these: 

Energy & the Environment (202/225-8331)— Morris Udall 

Mines & Mining (202/225-166 1)— Jim Santini 

Water & Power Resources (202/225-6042)— Abraham Kazen 


Members of the main committee are listed below: 
Morris Udall (Ariz), Chairman Jerry Huckaby (La) 
Phillip Burton (Calif) Lamar Gudger (NC) 
Robert Kastenmeier (Wis) James Howard (NJ) 
Abraham Kazen, Jr (Tex) Jerry Patterson (Calif) 
Jonathan Bingham (NY) Ray Kogovsek (Colo) 
John Seiberling (Ohio) Pat Williams (Mont) 
Harold Runnels (NM) Don Clausen (Calif) 
Antonio Borja Won Pat (Guam) Manuel Lujan, Jr (NM) 
Bob Eckhardt (Tex) Keith Sebelius (Kans) 
Jim Santini (Nev) Don Young (Alaska) 
James Weaver (Ore) Steven Symms (Idaho) 
Bob Carr (Mich) James Johnson (Colo) 
George Miller (Calif) Robert Lagomarsino (Calif) 
James Florio (NJ) Dan Marriott (Utah) 
Dawson Mathis (Ga) Ron Marlenee (Mont) 
Philip Sharp (Ind) Mickey Edwards (Okla) 
Edward Markey (Mass) Richard Cheney (Wyo) 
Peter Kostmayer (Pa) Charles Pashayan, Jr (Calif) 
Baltasar Corrada (PR) Robert Whittaker (Kans) 
Austin Murphy (Pa) Douglas Bereuter (Neb) 
Nick Ranhall Il (W Va) Melvin Evans (VI) 
Bruce Vento (Minn) 


Interstate & Foreign Commerce 
Jurisdiction of the Interstate & Foreign Commerce Committee 
(202/225-2927) includes regulation of interstate transmission of 
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power, oil compacts, natural gas, and water projects. The 
subcommittee of particular interest to power engineers and its 
chairman is: 


Energy & Power (202/225-1030)— John Dingell 


Members of the main committee are listed below: 


Harley Staggers (W Va), Chairman Barbara Mikulski (Md) 
John Dingell (Mich) Ronald Mottl (Ohio) 
Lionel Van Deerlin (Calif) Phil Gramm (Tex) 
John Murphy (NY) Al Swift (Wash) 

David Satterfield Ill (Va) Mickey Leland (Tex) 
Bob Eckhardt (Tex) Richard Shelby (Ala) 
Richardson Preyer (NC) Samuel Devine (Ohio) 
James Scheuer (NY) James Broyhill (NC) 
Richard Ottinger (NY) Tim Lee Carter (Ky) 
Henry Waxman (Calif) Clarence Brown (Ohio) 
Timothy Wirth (Colo) James Collins (Tex) 
Philip Sharp (Ind) Norman Lent (NY) 
James Florio (NJ) Edward Madigan (Ill) 
Anthony Toby Moffett (Conn) Carlos Moorhead (Calif) 
Jim Santini (Nev) Matthew Rinaldo (NJ) 
Andrew Maguire (NJ) Dave Stockman (Mich) 
Marty Russo (Ill) Marc Marks (Pa) 
Edward Markey (Mass) Tom Corcoran (111) 
Thomas Luken (Ohio) Gary Lee (NY) 

Doug Walgren (Pa) Tom Loeffler (Tex) 
Albert Gore, Jr (Tenn) William Dannemeyer (Calif) 


Public Works & Transportation 
Jurisdiction of the Public Works & Transportation Committee 
(202/225-4472) includes water power and pollution of navigational 


waters. Members of the committee are listed below: 


Harold Johnson (Calif), Chairman Geraldine Ferraro (NY) 
Ray Roberts (Tex) Brian Donnelly (Mass) 
James Howard (NJ) Earl Hutto (Fla) 

Glenn Anderson (Calif) Eugene Atkinson (Pa) 
Robert Roe (NJ) Donald Albosta (Mich) 
Mike McCormack (Wash) Marvin Leath (Tex) 
John Breaux (La) William Boner (Tenn) 
Norman Mineta (Calif) William Harsha (Ohio) 
Elliott Levitas (Ga) James Cleveland (NH) 
James Oberstar (Minn) Don Clausen (Calif) 
Jerome Ambro (NY) Gene Snyder (Ky) 

Henry Nowak (NY) John Hammerschmidt (Ark) 
Robert Edgar (Pa) Bud Shuster (Pa) 
Marilyn Lloyd (Tenn) James Abdnor (SD) 
John Fary (III) Gene Taylor (Mo) 

W G Hefner (NC) Barry Goldwater, Jr (Calif) 
Robert Young (Mo) Tom Hagedorn (Minn) 
David Bonior (Mich) Arlan Stangeland (Minn) 
Allen Ertel (Pa) Bob Livingston (La) 
Billy Lee Evans (Ga) Newt Gingrich (Ga) 
Ronnie Flippo (Ala) William Clinger, Jr (Pa) 
Nick Rahall II (W Va) Gerald Solomon (NY) 
Douglas Applegate (Ohio) Jerry Lewis (Calif) 

Bill Royer (Calif) 


Science & Technology 

Jurisdiction of the Science & Technology Committee (202/225- 
6371) includes environmental, scientific, and energy (except 
nuclear) research and development. Subcommittees of particular 
interest to power engineers and their chairmen are these: 

Energy Research & Production (202/225-5743)— Mike McCor- 
mack 

Energy Development & Application (202/225-4296)— Richard 
Ottinger 

Natural Resource & Environment (202/225-1066)—J Ambro 
Science, Research & Technology (202/225-8844) — George 
Brown 


Members of the main committee are listed below: 
Don Fuqua (Fla), Chairman Nicholas Mavroules (Mass) 
Robert Roe (NJ) Bill Nelson (Fla) 
Mike McCormack (Wash) Beryl Anthony, Jr (Ark) 
George Brown, Jr (Calif) Stanley Lundine (NY) 
James Scheuer (NY) Allen Ertel (Pa) 
Richard Ottinger (NY) Kent Hance (Tex) 
Tom Harkin (lowa) John Wydler (NY) 
Jim Lloyd (Calif) Larry Winn, Jr (Kans) 
Jerome Ambro (NY) Barry Goldwater, Jr (Calif) 
Marilyn Lloyd (Tenn) Hamilton Fish, Jr (NY) 
James Blanchard (Mich) Manuel Lujan, Jr (NM) 
Doug Walgren (Pa) Harold Hollenbeck (NJ) 
Ronnie Flippo (Ala) Robert Dornan (Calif) 
Dan Glickman (Kans) Robert Walker (Pa) 
Albert Gore, Jr (Tenn) Edwin Forsyth (NJ) 
Wes Watkins (Okla) Ken Kramer (Colo) 
Robert Young (Mo) William Carney (NY) 
Richard White (Tex) Robert Davis (Mich) 
Harold Volkmer (Mo) Toby Roth (Wis) 
Donald Pease (Ohio) Don Ritter (Pa) 
Howard Wolpe (Mich) 
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Voting record of congressmen reveals their 
posture on energy, environmental matters 


Voting record Voting record Voting record 
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Stone, Richard (D) + + + 
California Benjamin, Adam, Jr (D) + + + 
Cranston, Alan (D) + + Bafalis, L A (R) a: Brademas, John (D) + + + 
Hayakawa, S | (R) + - Bennett, Charles (D) + + + Deckard, H Joel (R) N N N 
Chappell, Bill, Jr (D) + + Evans, David (D) +5 E 
Anderson, Glenn (D) t t + Fascell, Dante (D) + + + Fithian, Floyd (D) * * 
Badham, Robert (R) t Fuqua, Don (D) + Hamilton, Lee (D) + + 
Beilenson, Anthony (D) — + Gibbons, Sam (D) + = + Hillis, Elwood (R) + + = 
Brown, George, Jr (D) t t + Hutto, Earl Dewitt (D) N N N Jacobs, Andrew, Jr (D) + + + 
Burgener, Clair (R) + + + Ireland, Andy (D) + + Myers, John (В) T + -—- 
Burton, John (D) -— = + Kelly, Richard (R) + + - Quayle, Dan (R) + 
Burton, Phillip (D) _ + Lehman, William (D) = + + Sharp, Philip (D) + + + 
Clausen, Don (R) + + = Mica, Dan (D) N N N 
Coelho, Tony (D) N N N Nelson, Bill (D) N N N  lowa : 
Corman, James (D) + + + Pepper, Claude (D) + + Culver, John (D) ds uto b 
Danielson, George (D) + + + Stack, Edward (D) N N N Jepsen, Roger (R) N N N 
Dannemeyer, William (R) N N N Young, C. W. (R) + = 
Dellums, Ronald (D) — + Bedell, Berkley (D) + + + 
Dixon, Julian (D) N N N Georgia Grassley, Charles (R) + + -— 
Dornan, Robert (R) t t = Nunn, Sam (D) + + Harkin, Tom (D) + + 
Edwards, Don (D) — — + Talmadge, Herman (D) + - Leach, Jim (R) + + — 
Fazio, Vic (D) N N N Smith, Neal (D) + + -— 
Goldwater, Barry, Jr (R) t t t Barnard, Doug (D) + + Tauke, Thomas (R) N N N 
Grisham, Wayne (R) N N N Brinkley, Jack (D) + + 
Hawkins, Augustus (D) + + + Evans, Billy Lee (D) + + Kansas 
Johnson, Harold (D) а Fowler, Wyche, Jr (D) + + Dole, Robert (R) Tos 
Lagomarsino, Robert (R) + + + Gingrich, Newt (R) N N N Kassebaum, Nancy (R) N N N 
Lewis, Jerry (R) N N N Ginn, Bo (D) + — 
Lloyd, Jim (D) + + + Jenkins, Ed (D) + + — Glickman, Dan (D) + + 
Lungren, Dan (R) N N N Levitas, Elliott (D) + + +4 Jeffries, Jim (R) N N N 
Matsui, Robert (D) N N N Mathis, Dawson (D) + Sebelius, Keith (R) + + 
McCloskey, Paul, Jr (R) sc mq McDonald, Larry (D) + س‎ = Whittaker, Robert (R) N N N 
Miller, George (D) - — t Winn, Larry, Jr (R) t t = 
Mineta, Norman (D) + — t Hawaii 
Moorhead, Carlos (R) + + Inouye, Daniel (D) + + Kentucky 
Panetta, Leon (D) + + + Matsunaga, Spark (D) + + — Ford, Wendell (D) + + = 
Pashayan, Charles, Jr (R) N N N Huddleston, Walter (D) pp АК Шы 
Patterson, Jerry (D) + + Akaka, Daniel (D) + + + 
Rousselot, John (R) + - Heftel, Cecil (D) + Carter, Tim Lee (R) Жыз. MET 
Roybal, Edward (D) + - + Hopkins, Larry (R) N N N 
Royer, Bill (R) N N N, Idaho Hubbard, Carroll, Jr (D) + + - 
Shumway, Norman (R) N N N Church, Frank (D) + + + Mazzoli, Romano (D) + + 
Stark, Fortney (D) — — McClure, James (R) * t — Natcher, William (D) + + - 
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Senators and congressmen 


Perkins, Carl (D) 
Snyder, Gene (R) 


Louisiana 
Johnston, Bennett (D) 
Long, Russell (D) 


Boggs, Lindy (D) 
Breaux, John (D) 
Huckaby, Jerry (D) 
Leach, Claude (D) 
Livingston, Bob (R) 
Long, Gillis (D) 
Moore, W Henson (R) 
Treen, David (R) 


Maine 
Cohen, William (R) 
Muskie, Edmund (D) 


Emery, David (R) 
Snowe, Olympia (R) 


Maryland 
Mathias, Charles (R) 
Sarbanes, Paul (D) 


Barnes, Michael (D) 
Bauman, Robert (R) 

Byron, Beverly (D) 

Holt, Marjorie (R) 

Long, Clarence (D) 
Mikulski, Barbara (D) 
Mitchell, Parren (D) 
Spellman, Gladys Noon (D) 


Massachusetts 
Kennedy, Edward (D) 
Tsongas, Paul (D) 


Boland, Edward (D) 
Conte, Silvio (R) 
Donnelly, Brian (D) 
Drinan, Robert (D) 
Early, Joseph (D) 
Heckler, Margaret (R) 
Markey, Edward (D) 
Mavroules, Nicholas (D) 
Moakley, Joe (D) 
O'Neill, Thomas, Jr (D) 
Shannon, James (D) 
Studds, Gerry (D) 


Michigan 
Levin, Carl (D) 
Riegle, Donald (D) 


Albosta, Donald (D) 
Blanchard, James (D) 
Bonior, David (D) 
Brodhead, William (D) 
Broomfield, William (R) 
Carr, Bob (D) 
Conyers, John, Jr (D) 
Davis, Robert (R) 
Diggs, Charles, Jr (D) 
Dingell, John (D) 
Ford, William (D) 
Kildee, Dale (D) 
Nedzi, Lucien (D) 
Pursell, Carl (R) 
Sawyer, Harold (R) 
Stockman, Dave (R) 
Traxler, Bob (D) 
Vander Jagt, Guy (R) 
Wolpe, Howard (D) 


Minnesota 
Boschwitz, Rudy (R) 
Durenberger, David (R) 


Erdahl, Arlen (R) 
Frenzel, Bill (R) 
Hagedorn, Tom (R) 
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Senators and congressmen 


Nolan, Richard (D) 
Oberstar, James (D) 
Sabo, Martin Olav (D) 
Stangeland, Arlan (R) 
Vento, Bruce (D) 


Mississippi 
Cochran, Thad (R) 
Stennis, John (D) 


Bowen, David (D) 
Hinson, Jon (R) 

Lott, Trent (R) 
Montgomery, G V (D) 
Whitten, Jamie (D) 


Missouri 
Danforth, John (R) 
Eagleton, Thomas (D) 


Bolling, Richard (D) 
Burlison, Bill (D) 

Clay, William (D) 
Coleman, E Thomas (R) 
Gephardt, Richard (D) 
Ichord, Richard (D) 
Skelton, Ike (D) 

Taylor, Gene (R) 
Volkmer, Harold (D) 
Young, Robert (D) 


Montana 
Baucus, Max (D) 
Melcher, John (D) 


Marlenee, Ron (R) 
Williams, Pat (D) 


Nebraska 
Exon, James (D) 
Zorinsky, Edward (D) 


Bereuter, Douglas (R) 
Cavanaugh, John (D) 
Smith, Virginia (R) 


Nevada 
Cannon, Howard (D) 
Laxalt, Paul (R) 


Santini, Jim (D) 


New Hampshire 
Durkin, John (D) 
Humphrey, Gordon (R) 


Cleveland, James (R) 
D' Amours, Norman (D) 


New Jersey 
Bradley, Bill (D) 
Williams, Harrison, Jr (D) 


Courter, James (R) 
Fenwick, Millicent (R) 
Florio, James (D) 
Forsythe, Edwin (R) 
Guarini, Frank (D) 
Hollenbeck, Harold (R) 
Howard, James (D) 
Hughes, William (D) 
Maguire, Andrew (D) 
Minish, Joseph (D) 
Patten, Edward (D) 
Rinaldo, Matthew (R) 
Rodino, Peter, Jr (D) 
Roe, Robert (D) 
Thompson, Frank, Jr (D) 


New Mexico 
Domenici, Pete (R) 
Schmitt, Harrison (R) 


Lujan; Manuel, Jr (R) 
Runnels, Harold (D) 
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Senators and congressmen 


New York 
Javits, Jacob (R) 
Moynihan, Daniel Patrick (D) 


Addabbo, Joseph (D) 
Ambro, Jerome. (D) 
Biaggi, Mario (D) 
Bingham, Jonathan (D) 
Carney, William (R) 
Chisholm, Shirley (D) 
Conable, Barber, Jr (R) 
Downey, Thomas (D) 
Ferraro, Geraldine (D) 
Fish, Hamilton, Jr (R) 
Garcia, Robert (D) 
Gilman, Benjamin (R) 
Green, S William (R) 
Hanley, James (D) 
Holtzman, Elizabeth (D) 
Horton, Frank (R) 
Kemp, Jack (R) 
LaFalce, John (D) 

Lee, Gary (R) 

Lent, Norman (R) 
Lundine, Stanley (D) 
McEwen, Robert (R) 
McHugh, Matthew (D) 
Mitchell, Donald (R) 
Murphy, John (D) 
Nowak, Henry (D) 
Ottinger, Richard (D) 
Peyser, Peter (D) 
Rangel, Charles (D) 
Richmond, Frederick (D) 
Rosenthal, Benjamin (D) 
Scheuer, James (D) 
Solarz, Stephen (D) 
Solomon, Gerald (R) 
Stratton, Samuel (D) 
Weiss, Ted (D) 

Wolff, Lester (D) 
Wydler, John (R) 
Zeferetti, Leo (D) 


North Carolina 
Helms, Jesse (R) 
Morgan, Robert (D) 


Andrews, Ike (D) 
Broyhill, James (R) 
Fountain, L H (D) 
Gudger, Lamar (D) 
Hefner, W G (D) 
Jones, Walter (D) 
Martin, James (R) 
Neal, Stephen (D) 
Preyer, Richardson (D) 
Rose, Charles (D) 
Whitley, Charles (D) 


North Dakota 
Burdick, Quentin (D) 
Young, Milton (R) 


Andrews, Mark (R) 


Ohio 
Glenn, John (D) 
Metzenbaum, Howard (D) 


Applegate, Douglas (D) 
Ashbrook, John (R) 
Ashley, Thomas (D) 
Brown, Clarence (R) 
Devine, Samuel (R) 
Gradison, Willis, Jr (R) 
Guyer, Tennyson (R) 
Hall, Tony (D) 

Harsha, William (R) 
Kindness, Thomas (R) 
Latta, Delbert (R) 
Luken, Thomas (D) 
Miller, Clarence (R) 
Mottl, Ronald (D) 
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Voting record Voting record Voting record 
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l + + Proxmire, William (D) + 
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aver, 
eaver, James (D) + + Kazen, Abraham, Jr (D) + — + . N-New member of Congress. 
even Leath, Marvin (D) N N N 
sylvania | 
Heinz, H John, WW (Н) e ESS dod are М N N 'The Clean Water Act Amendments of 1977 (PL 95- 
Schweiker. Rich R Е p N N 217) passed Congress with a majority vote in 1977, a 
er, Richard (R) + + Mattox, Jim (D) * t + isi i 
E = ub 9 Т $ revision and extension of the 1972 Federal Water Pollu- 
Atkinson, Eugene (D) 4 H Hi PEE JJ (D) ^ À tion Control Act (PL 92-500). Major provisions include: 
Bailey, Don (D) M N i bonn. Ray (D) i i authorization of fund for construction grants for munici- 
Clinger, William, Jr (R) N N N Stenholm, Charles (D) N N N reni ш EDAN acie Eo cpi gp tus. 
Coughlin Lawrence (P) B 4 i White Richard (D) А t » states to certify construction grants, and restrictions on 
Dougherty; Gharies (P) N N N Mee Charles (D) E 4 z the Corps of Engineers’ authority to issue dredge-and-fill 
Edgar, Robert (D) ж = " Wright. Jim (D) i = permits for waters and wetlands. The recorded vote is 
Ertel, Allen (D) + + + Wyatt, Joe, Jr (D) N N N x tie = ek еда жанс 
Flood, Daniel (D) Lo Um Eo eu ee 
Gaydos, Joseph (D) + + — Utah : 
Goodling, Willam (В): Que qu Garn, Jake (R) " _  .  ?The Clean Air Act Amendments of 1977 (PL95-95) 
Gray, William, il (D) N N N Hatch, Orrin (R) + Эб z passed both houses of Congress Aug 4, 1977 when the 
Kostmayer, Peter (D) 2 b: А. conference report was adopted by voice votes. Тһе 
Lederer, Raymond (D) P " = Marriott, Dan (R) + + = recorded vote on the original House version of the bill 
Marks, Marc (R) р K 4 McKay, Gunn (D) + + (HR6161) is presented in the table above (a + indicates 
McDade, Joseph (R) + д A that the congressman was in favor of the bill). It did not 
p Vermont i aliyi 
Moorhead, William (D) + T. ai piu ids differ substantially in content from the final bill with 
Murphy, Austin (D) + р 8 a m = rick (D) + + respect to rules governing design and operation of elec- 
Murtha, John (D) H 3 2 afford, Robert (R) + + +  tric-utility power plants. 
Myers, Michael (D) + + 
Ritter, Don (R) NON Jeffords, James. (R) — + 3 Passage of the Surface Mining Control & Reclamation 
Schulze, Richard (R) is + T. Virginia Act (PL95-87) on July 21, 1977 culminated a five-year 
Shuster, Bud (R) + + E. Byrd, Harry, Jr (D) ү л E. effort to impose federal regulations on. strip-mining 
Walgren, Doug (D) + Warner, John (R) N N м activities. Coal companies lobbied hard against many 
Walker, Robert (R) + E provisions of the bill as it. originally was proposed and in 
Yatron, Gus (D) 4 + sA Butler, M Caldwell (R) x ?" _ A Some cases were successful — particularly in the Senate, 
Daniel, Dan (D) + 5 t. where, observers say, there was little desire for a strong 
Rhode Island Daniel, Robert, Jr (R) + + 2 law. As finally approved:by both houses of Congress, 
Chafee, John (R) x Fisher, Joseph (D) + + 4 however, the law reportedly made most mining-company 
Pell, Claiborne (D) + + Harris, Herbert, II (D) i 4 + Officials unhappy; by contrast, it pleased environmental- 
Robinson, J Kenneth (R) I ши ешр. 
Beard, Edward (D) + + + Satterfield, David, Ill (Р) + = I. The vote on one House amendment to the original bill, 
St. Germain, Fernand (D) + 4 Trible, Paul, Jr (R) + + _ as recorded in the table, gives you some insight as to 
Wampler, William (R) + _ M which side of the energy/environmental fence members 
South Carolina Whitehurst, G William (R) x of Congress are on. That amendment would have re- 
Hollings, Ernest (D) + + — stricted mining on western alluvial valley floors — defined 
Thurmond, Strom (R) + + E Washington as the arid and semiarid areas of the west where the 
Jackson, Henry (D) + + S. floors of valleys formed by streams offer the best avail- 
Campbell, Carroll, Jr (R) N N N Magnuson, Warren (D) 4 + a able land and water supplies for farming and ranching — 
Davis, Mendel (D) + + west of the 100th meridian only if permits were issued 
Derrick, Butler (D) + + Bonker, Don (D) т + before Jan 4, 1977, or if mines were in commercial 
Holland, Ken (D) + Dicks, Norman (D) Ф + = production one year before the bill was enacted. A vote 
Jenrette, John, Jr (D) + + -— Foley, Thomas (D) + + = for the restriction of mining on alluvial valley floors is 
Spence, Floyd (R) + -— Lowry, Michael (D) N N N identified in the table by +. 
McCormack, Mike (D) + + se The conference committee which worked out the final 
South Dakota Pritchard, Joel (R) + + details of the law, softened this amendment by permit- 
McGovern, George (D) + Swift, Al (D) N N N ting mining of the valley floors if it did “not interrupt, 
Pressler, Larry (R) t + discontinue, or preclude farming.” Thus mining is 
West Virginia permissible on undeveloped rangelands or on small farm- 
ies pese м : * Byrd, Robert (D) + + - lands if it would have a negligible impact on agricultural 
Randolph, Jennings (D) + + — production. 
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Know key energy, environmental laws 


Legislation recently enacted by Congress bears heavily on the siting, 
design, construction, and operation of industrial powerhouses. 
Here's what you should know before making binding commitments 


By James E Levin, PE, and Douglas L Hazelwood, A T Kearney Inc 


During the 1970s, a substantial number 
of laws have been enacted by the federal 
government to help protect the environ- 
ment. Within the past few years, signifi- 
cant energy legislation has also begun to 
flow from Washington. These laws have 
resulted in the promulgation of many 
regulations with which industry must 
now comply. 

More regulations are now being devel- 
oped by EPA and DOE in response to 


specific provisions of the latest laws 
pertaining to air, water, solid waste, and 
energy. These laws are of great interest 
and are expected to have a profound 
impact on industry. 

The main purposes of this article are: 
(1) to review the key environmental and 
energy laws that affect industrial power- 
houses; (2) to describe the regulations 
pursuant to those laws already on the 
books as well as those in developmental 


stages; and (3) to indicate how the laws 
and the regulations affect industry. 

The specific laws covered herein are 
these: 

= The Resource Conservation & Re- 
covery Act (RCRA). 

= The Clean Air Act. 

= The Clean Water Act. 

= The Fuel Use Act. 

= The Energy Mobilization Board 
legislation. 


How RCRA, especially Subtitle C, affects industrial powerhouses 


RCRA was enacted in 1976. Unlike 
most environmental laws, RCRA re- 
ceived little fanfare on its passage, 
perhaps because its enactment followed 
closely on the heels of the Toxic 
Substances Control Act, which attracted 
hefty publicity and industry attention. 

Nonetheless, RCRA is one of the most 
important environmental laws yet 
passed, and one that will affect many 
segments of industry. The law covers the 
management of solid wastes generated 
by industry, including residue and sludge 
byproducts from air- and water-pollution 
control equipment, and ash collected 
from combustion processes. The combi- 
nation of RCRA, the Clean Water Act, 
and the Clean Air Act gives to the 
federal government through EPA, the 
power to regulate and monitor all indus- 
trial residues, wastes, and discharge 
streams. 


The scope of Subtitle C 


Subtitle C of RCRA is of greatest 
interest to industry at present because it 
empowers EPA to identify and regulate 
hazardous wastes. EPA recently esti- 
mated that 10 to 20% of all industrial 
wastes (but excluding mining and agri- 
cultural wastes) will be classified as 
hazardous under the definitions being 
proposed, and therefore will be subject to 
new hazardous-waste regulations, which 
will control the generation, storage, 
transportation, and disposal of such 
wastes. 
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Within Subtitle C, Section 3001 
requires EPA to promulgate regulations 
identifying and listing hazardous wastes. 
EPA published proposed Section 3001 
regulations in the Federal Register on 
Dec 18, 1978, along with proposed regu- 
lations for waste generators (Section 
3002) and for storage, treatment, and 
disposal (Section 3004). After reviewing 
comments on these proposed regulations 
by industry and other interested parties, 
EPA expects to promulgate final regula- 
tions by Jan 25, 1980. The regulations 
will take effect six months after promul- 
gation. 

In the proposed regulations, a waste is 
considered hazardous if it exhibits 
certain characteristics, or if it is included 
in a specific EPA listing of hazardous 
wastes. The characteristics inherent in a 
hazardous waste are ignitability, reactiv 
ity, corrosiveness, and toxicity. 

Ignitability. A waste is considered 
hazardous as a result of ignitability if, in 
a liquid state, it has a flash point less 
than 140F, if it is a special type of 
compressed gas, or if it is an oxidizer. 

Reactivity. A reactive waste is defined 
as normally unstable and capable of 
readily undergoing violent chemical 
change. This type of waste reacts violent- 
ly with water, forms potentially explosive 
mixtures with water, or generates toxic 
fumes when mixed with water. It may be 
a cyanide- or sulfide-bearing waste that 
might generate toxic fumes under mildly 
acidic or basic conditions. By EPA defi- 
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Table 1: Comparison of EPA 
drinking-water standards 
and toxicant extracts 


Drinking Maximum 
water extract 

standard, concentration, 
Toxicant mg/ liter mg / liter 
Arsenic 0.05 0.50 
Barium 1.0 10.0 
Cadium 0.010 0.10 
Chromium 0.05 0.50 
Lead 0.05 0.50 
Mercury 0.002 0.02 
Selenium 0.010 0.10 
Silver 0.050 0.50 
Endrin 0.0002 0.002 
Lindane 0.0040 0.040 
Methoxychlor 0.10 1.0 
Toxaphene 0.0050 0.050 
2, 4-D 0.10 1.0 
2, 4, 5-TP 0.010 0.10 


Source: Federal Register, Dec 18, 1978. 
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nition, a reactive waste is capable of 
detonation or of explosive decomposition 
or reaction at normal temperatures and 
pressures. 

Corrosiveness. A waste is considered 
hazardous due to corrosiveness if it is 
aqueous and has a pH of 3 or less, or 12 
or more. If a waste has a corrosion rate 
of more than 0.250 in./yr on SAE 1030 
steel at a test temperature of 130F, it is 


Table 2: Amount of trace 
elements in selected high- 


volatile, bituminous coal ash 


Amount of trace element, mg /liter 
Maximum Minimum Average’ 


Ag 3 1 2 
B 2800 90 770 
Ba 4660 210 1253 
Be 60 4 17 
Co 305 12 64 
Cr 315 74 193 
Cu 770 30 293 
Ga 98 17 40 
Ge 285 20 2 
La 270 29 111 
Mn 700 31 170 
Ni 610 45 154 
Pb 1500 32 183 
Sc 78 7 32 
Sn 825 10 171 
Sr 9600 170 1987 
V 840 60 249 
Y 285 29 102 
Yb 15 3 10 
Zn 1200 50 310 
Zr 1450 115 411 


Source: “Characterization of ash from coal fueled power 
plants," EPA-600/7-77-010, January 1977. 

1 The number of samples used to compute average values 
was 24 for all trace elements except Sn (22) and Zn (14). 
? |nsufficient figures to compute an average value. 
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also considered hazardous under RCRA. 

Toxicity. A solid waste is considered 
hazardous due to toxicity if the extract 
obtained from applying a defined toxi- 
cant extraction procedure (TEP) to a 
waste sample has a concentration of any 
substance equal to or greater than ten 
times those established by EPA's Prima- 
ry Drinking Water Standard (Table 1). 


Section 3002, 3004 of RCRA 


Section 3002 consists of regulations 
for recordkeeping, use of appropriate 
containers, labeling of containers, fur- 
nishing information on waste (mainly 
quantities), and disposition and submis- 
sion of reports to EPA or any authorized 
state agency. A manifest system is 
proposed to ensure that wastes intended 
for off-site disposal are delivered to a 
treatment, storage, and disposal facility 
having a federal or state permit. 

The proposed 3002 regulations only 
apply to plants generating more than 220 
lb/month of hazardous waste. Those 
plants that generate less would be 
exempt from recordkeeping and manifest 
requirements as long as their wastes are 
stored, treated, and disposed of in 
acceptable facilities. 

Regulations were also proposed for the 
treatment, storage, and disposal of 
hazardous wastes under Section 3004. 
They would require that hazardous 
waste landfills be lined with clay, plastic, 
or other materials to prevent wastes from 


leaching through the soil and into 
ground water. 

Operators of hazardous-waste facili- 
ties would have to monitor their 
processes constantly, and site owners 
would have to monitor and maintain 
closed sites for 20 years to ensure that 
hazardous wastes do not leak from the 
site into the environment. EPA estimates 
that the three proposed hazardous-waste 
regulations will affect about 35-million 
ton/yr of waste. 


What about combustion wastes? 


Will the proposed regulations affect 
industrial powerhouses? EPA has 
created a "special waste" category for 
flue-gas desulfurization wastes, bottom 
ash, and flyash from fossil-fueled utili- 
ties. The final Subtitle C regulations are 
likely to broaden the scope of the 
special-waste category to include indus- 
trial powerhouse wastes as well. Under 
the proposed regulations, combustion 
process wastes have been exempted from 
most of the 3004 standards (especially 
the requirement to use secured landfills) 
because of several factors, including 
large generation rates, relatively low 
hazard levels, lack of information on the 
composition and characteristics of the 
wastes, unique characteristics of the 
generator, lack of data on the effective- 
ness of current or potential waste- 
management technologies for these 
wastes, and the technical and economic 
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Table 3: Proposed requirements for powerhouse wastes 


CFR code 


Brief description of requirement 


250.43 (f) (h) 


Obtain a detailed chemical and physical analysis of each hazardous waste 
handled at the facility. Periodically sample the waste and analyze it for 
physical appearance, specific gravity, pH, and vapor pressure (if applica- 
ble). In the case of off-site disposal facilities, sample each truckload or 
shipment. 


For new sources, do not locate facilities on active fault zones, in areas prone 
to flooding, in wetlands, in areas likely to jeopardize endangered species, or 
in a recharge zone of a sole-source aquifer. Also, active portions of the 


A facility should be completely fenced in, gated, and have prominent 


An owner or operator of a facility should use the manifest system described 
in the regulations, and should keep an operating log which describes the 
types and quantities of wastes handled along with the handling and 
disposition of these wastes. Manifests should be kept for three years. Fires, 
explosions, or releases of hazardous materials to the environment must be 


The owner or operator is responsible for daily visual inspection of the 


After a final closure of the site, the owner or operator must certify that the 
facility has been closed in accordance with federal (proposed) regulations. 
A survey plat must be provided. Also, the owner of a landfill where 
hazardous waste has not been removed as part of closure shall provide 


A groundwater monitoring system should be installed at the facility, consist- 


250.43-1 
facility should be located at least 200 ft from the facility's property line. 
250.43-2 
warning signs. 
250.43-5 (a), 
(b) (1), 
(6) (2) (i), 
(b) (6-7), 
and (c) 
retained in the records. 
250.43-6 
facility. 
250.43-7 (k), 
(1), and (m) 
post-closure care for at least 20 years after closure. 
250.43-8 (a), 
(c), and (d) 


ing of at least four monitoring. wells to collect leachate. Each well should be 
periodically sampled, analyses made, and appropriate records kept. 
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practicability of improving the 3004 
standards for facilities managing such 
wastes. Those standards that have been 
proposed to apply to combustion-process 
wastes are briefly described in Table 3. 
Until recently, however, little has been 
known about any toxic characteristics of 
solid wastes from combustion processes 
or about the environmental adequacy of 
present disposal methods. Some studies 
have already been completed on trace- 
metal concentrations in coal ash. One 
EPA study found sufficient concentra- 
tions of trace elements in various types of 
coals to raise questions about the hazard 
potential of ash sources. Table 2 provides 
a small portion of the data presented in 
the EPA report, covering ash from high- 


volatile bituminous coals. It cannot be 
estimated from these data to what extent 
any of the trace elements will leach out if 
EPA's TEP is followed. 

Included in the special-waste category 
are other large-volume solid wastes, such 
as mining wastes, cement-kiln dust, oil 
and gas drilling muds and brines, and 
phosphate-processing wastes. Because 
several industries have requested that 
their waste streams also be classified as 
special wastes, EPA is likely to include 
detailed eligibility criteria for qualifying 
as a special waste or applying for such 
classification in the final RCRA regula- 
tions, to be issued early next year. 

In the meantime, EPA's Office of 
Solid Waste is initiating detailed studies 


for most, if not all, of the existing special 
wastes, to identify adequate treatment, 
storage, and disposal techniques. These 
studies are expected to be completed 
within two to three years. Coal-fired 
process wastes already have been stud- 
ied, and a report has been prepared by 
an EPA contractor. It concludes that the 
majority of these solid wastes are 
nonhazardous, based on technical infor- 
mation currently available. 

This would mean that most power- 
house solid wastes could be disposed of 
in sanitary landfills, and further, that 
mixtures of flyash, bottom ash, and 
scrubber sludge can be stabilized to 
improve structural strength and reduce 
permeability. 


The Clean Air Act amendments of 1970 and 1977 


The Clean Air Act, as amended, is 
intended to attain and maintain air qual- 
ity sufficient to protect public health and 
welfare. The Act itself provides EPA 
with power to adopt and enforce air- 
pollution-control regulations. Under the 
1970 amendments, EPA has promul- 
gated national primary (health) and 
secondary (welfare) air-quality stan- 
dards. 

Standards have been set thus far to 
limit the maximum allowable ambient 
concentrations for carbon monoxide, 
nitrogen oxides, sulfur dioxide, photo- 
chemical oxidants, hydrocarbons, lead, 
and total suspended particulate matter. 


State implementation plans 


The Clean Air Act amendments of 
1970 required EPA to adopt and enforce 
air-pollution-control regulations. EPA 
has issued air-quality standards and has 
required the states to develop state 
implementation plans (SIPs), indicating 
how EPA ambient air-quality standards 
will be met and enforced. Typically, each 
SIP is a compilation of state air-pollu- 
tion-control regulations and strategies. A 
SIP will include emission limitations for 
existing stationary sources, land use 
controls, and transportation controls. 

By July 1, 1975, each state was 
required to submit a SIP to EPA ensur- 
ing that air-quality standards would be 
met. EPA is required to review and 
approve the SIPs, making sure that they 
are in conformance with EPA criteria for 
attaining ambient air-quality standards. 
Each SIP is approved on an individual 
basis, giving the states flexibility to 
construct their programs and to consider 
variations in climate, geography, demo- 
graphy, and other special conditions for 
existing facilities. SIPs complement fed- 
eral programs to regulate air quality for 
new and expanded facilities as well as 
hazardous air pollutants. 

In August 1977, President Carter 
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signed into law the 1977 amendments to 
the Clean Air Act (Public Law 95-95), 
culminating three years of legislative 
effort. These amendments allowed exten- 
sions to certain compliance deadlines 
and reinforced or modified existing EPA 
regulator programs for both stationary 
and mobile sources of air pollution. 

The 1977 amendments required that, 
by Dec 6, 1977, each state submit to 
EPA documentation of the attainment 
status of its air-quality-control regions 
for each of the pollutants for which 
national ambient air-quality standards 
(NAAQS) had been promulgated. Areas 
with air quality better than NAAQS 
would be designated as a prevention of 
significant deterioration (PSD) area for 
these pollutants. In areas where the air 
quality did not meet NAAQS for these 
pollutants, they would be classified as 
nonattainment (NA) areas. 

The 1977 amendments required that 
the states revise their implementation 
plans to incorporate PSD requirements, 
thus assuring that areas meeting the 
NAAQS would continue to maintain 
satisfactory air quality. These SIP revi- 
sions were to be completed by the states 
by Dec 1, 1978. Not all states met this 
schedule, however. 

Similarly, states must revise their SIPs 
for areas which were in a NA status to 
provide for meeting the primary ambient 
air-quality standards by Dec 31, 1982. A 
five-year extension, to Dec 31, 1987, was 
allowable for achieving compliance for 
photochemical oxidants and carbon mon- 
oxide. These SIP revisions were to be 
submitted to EPA by June 30, 1979. 


Stationary source requirements 


Both the 1970 and 1977 amendments 
directed EPA to establish and review 
air-pollution-control standards for new 
sources and sources emitting hazardous 
pollutants and noncriteria pollutants. In 
response, EPA set up new-source per- 


formance standards (NSPS), which ap- 
plied to certain types of new industrial 
plants and municipal facilities, as well as 
to the expansion or modification of exist- 
ing plants. Under these standards, the 
best available pollution-control technolo- 
gy (BACT) must be implemented. 
Under the 1977 amendments, these stan- 
dards must be reviewed to ensure that 
they are consistent with PSD require- 
ments. 

The PSD provision was primarily 
intended to protect clean-air areas of the 
country already meeting air-quality stan- 
dards from polluted air emissions by new 
and expanding industrial plants. 

The PSD concept was developed by 
EPA in the early 1970s and was affirmed 
by Congress in the 1977 amendments. 
Under these amendments, clean-air ar- 
eas must be divided into three classes: 
Class I, in which very little air-quality 
deterioration would be allowed; Class II, 
in which only moderate air-quality dete- 
rioration would be allowed; and Class III, 
in which more significant deterioration 
would be allowed (as long as ambient 
standards were not exceeded). Congress 
designated large national parks and 
wilderness areas as Class I. All other 
lands were Class II unless redesignated 
either Class I or Class III by a state 
governor. 


Proposed PSD revisions 


Last June, the US Court of Appeals 
for the District of Columbia invalidated 
or questioned many of EPA’s PSD regu- 
lations, as a consequence of a suit 
against EPA by Alabama Power Co. In 
response to this court decision, EPA 
proposed revised PSD rules in August. 
But they will not be final, or even well 
understood, for many months. The court 
ruling and subsequent proposed revisions 
are extensive and complicated, but there 
are a few key features: 

In industry’s favor is the proposed new 
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rule that PSD reviews only apply to 
major emission sources, which emit or 
have the potential to emit 100 to 250 
tons/yr (depending on the source catego- 
ry) of any regulated pollutant after 
applying air-pollution controls. The old 
PSD rule required review before applying 
air-pollution controls. This will reduce 
the number of smaller sources that 
require PSD review. 

The court also ruled that EPA could 
not include fugitive emissions in calcu- 
lating total emissions potential, because 
of the uncertainties in estimating their 
impact. EPA must now regulate fugitive 
emissions separately — but it has pro- 
posed a list of specific plant types where 
fugitive emissions can be measured accu- 
rately. 

Under the proposed new rules, PSD 
review would apply only to sources with- 
in the clean-air area, unless the source 
would have an adverse impact on a PSD 
area in another state. EPA is concerned, 
however, that sources controlled to 
protect Class I areas could go uncon- 
trolled, leading to significant air-quality 
deterioration in these areas. 

The court decision states that sources 
that do not need PSD review must be 
analyzed more extensively. The review 
must include emissions of any amount of 
any pollutant that is regulated under the 
Clean Air Act. This includes criteria 
pollutants, hazardous air pollutants, and 
pollutants regulated in any NSPS. 
Proposed PSD regulations would require 
that BACT be applied to all pollutants 
regulated under the Clean Air Act where 
construction and operation would cause 
significant net emission increases. 


NSPS activities 


New-source performance standards 
were adopted for electric generating 
plants on June 11, 1979. According to 
EPA, NSPS will increase utility costs by 
approximately $3.6-billion/yr by 1985, 
and will add more than 2% to the aver- 
age monthly residential electric bill. 
Some 350 new power plants expected to 
be built by 1995 will be affected by these 
new standards. 

NSPS require SO, emission control to 
1.2-Ib SO,/10° Btu heat input. An addi- 
tional requirement calls for removal of 


The Clean Water Act amendments of 1977 


The 1977 amendments to the Federal 
Water Pollution Control Act—now 
termed the Clean Water Act—essential- 
ly set mid-course corrections for the 
1972 amendments. An important em- 
phasis of the Clean Water Act is the 
control of toxic substances in waste- 
water. For the control of toxic pollutants, 
industry must achieve the best available 
treatment (BAT) requirements of the 
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90% of SO, emissions from high-sulfur 
coal, and 70% from coal with potential 
emissions of 0.6 lb SO,/106 Btu heat 
input. These standards are less severe 
than the ones proposed by EPA last year, 
which called for 85% reduction of SO, 
from all types of coal, with stringent 
compliance requirements. 

A less-controversial feature of the 
proposed new standards sets particulate 
emissions at 0.03 Ib/10° Btu heat input 
(the earlier proposed standard was 0.1 
1b/106 Btu) from solid, liquid, or gaseous 
fuels. In addition, the nitrogen oxides 
emission standard is 0.2-0.8 Ib NO,/106 
Btu heat input, depending on the type of 
fuel used. 

EPA must review and promulgate 
NSPS for a large number of industrial 
categories by August 1982. These cate- 
gories, and the EPA-assigned priority for 
promulgating the standards, were pub- 
lished in the Federal Register Aug 21, 
1979. Currently, NSPS have been 
proposed by EPA for the following 
industries or categories: internal-com- 
bustion engines, phosphate-rock process- 
ing, glass manufacture, and automobile 
and light-duty-truck surface-coating op- 
erations. NSPS will also be proposed for 
lead-acid-battery manufacturing. 

NSPS for perchloroethylene dry- 
cleaning plants will be proposed by year- 
end, as will standards for nonmetallic 
minerals and organic-solvent metal 
cleaning. Nearly everyone should be 
interested in the NSPS for industrial 
boilers, which are still in the early devel- 
opment stage. EPA expects to propose 
these standards next November. 

Another key provision of the 1977 
amendments deals with air-quality NA 
areas. It allows industrial development in 
air-quality-control regions that violate 
air-quality standards, but only under 
stringent conditions. The addition of 
pollutants to the atmosphere from new 
sources in these regions must be more 
than offset by the further removal of 
pollutants from nearby existing sources 
by means of shutdowns, process changes, 
or additional pollution-abatement equip- 
ment. 

New plants must attain an emission 
limitation that is the lowest achievable 
emission rate, and the emission offsets 


law no later than July 1, 1984. This 
constitutes a one-year extension of the 
BAT deadline specified in the 1972 
amendments. 

The toxic pollutants of concern will 
include at least the 65 substances identi- 
fied in the EPA/Natural Resources 
Defense Council (NRDC) consent de- 
cree (see POWER Special Report, Water- 
pollution control in steam plants, April 


obtained must result in a positive net 
air-quality benefit that provides reason- 
able process toward attainment of appli- 
cable air-quality standards. All existing 
facilities owned by the company commis- 
sioning the new plant must be in 
compliance with applicable emission lim- 
its and standards. 


National emission standards 


The Clean Air Act amendments grant 
EPA the authority to establish two types 
of national emission-control standards — 
NSPS and NESHAPS. NSPS derive 
from Section 111 of the act, which 
authorizes EPA to establish standards of 
performance for new or expanded sta- 
tionary sources of pollution. They call 
for the application of the best technologi- 
cal systems of continuous emission 
reduction, which EPA determines has 
been adequately demonstrated. 

In making this determination, the 
administrator must take into considera- 
tion the cost of achieving such emission 
reduction, any non-air-quality impacts, 
and energy requirements. New industrial 
plants, therefore, must implement the 
best emissions-control technology that 
has been adequately demonstrated, thus 
allowing continued industrial growth 
without compromising the goals for 
attaining and maintaining clean air. 

The act calls for EPA to establish 
NSPS for stationary sources that have a 
significant impact on the environment. 
EPA has developed NSPS for over 20 
industrial categories. The specific air 
pollutants covered in one or more of 
these categories are particulates, sulfur 
oxides, nitrogen oxides, sulfuric acid, 
carbon monoxide, and hydrocarbons. 

Hazardous air pollutants are defined 
in Section 112 as pollutants for which no 
ambient air-quality standard has been 
set, but which may cause an increase in 
mortality or serious illness. The act 
allows EPA to establish a list of hazard- 
ous air pollutants and to develop emis- 
sion or design standards to cover both 
new and existing emitting sources. Stan- 
dards have been developed by EPA thus 
far for these hazardous air pollutants: 
beryllium, asbestos, mercury, and vinyl 
chloride. Standards will be proposed for 
benzene in 1980. 


1977). The agency has compiled a work- 
ing list of 129 specific chemical pollu- 
tants from the 65 classes identified in the 
consent decree. It is required that 
effluent guidelines setting BAT levels of 
control for all these pollutants in 21 
industrial categories be promulgated by 
July 1, 1980. (The lists of pollutants and 
industrial categories were published in 
the Federal Register.) 
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EPA and NRDC reached an agree- 
ment in mid-December 1970, to extend 
both regulatory and toxic pollutant- 
control deadlines by one year. The 
district court for the District of Colum- 
bia approved the EPA/NRDC agree- 
ment in March 1979; thus, plants have 
until June 30, 1984, to comply with 
BAT, toxic-pollutant and effluent guide- 
lines, and pretreatment standards. 

Pretreatment standards apply to in- 
dustrial plants that discharge their 
wastewater to Publicly Owned Treat- 
ment Works (POTWs). EPA has esti- 
mated that up to 2596 of the waste 
received by POTWS is from industrial 
sources. Where industrial wastewater 
containing toxic pollutants enters muni- 
cipal sewers, three kinds of problems can 
develop: 

m High volumes or concentrations of 
certain toxic pollutants can upset the 
proper operation of biological waste- 
treatment systems. 

= Toxic pollutants entering a POTW 
can be partially removed with the waste 
sludge—and sludge contaminated with 
toxic pollutants may be unusable as a 
soil conditioner. Improper handling of 
such sludge can result in uptake of these 
pollutants by crops in the human food 
chain, or in leaching of the pollutants 
into groundwater. 

= Toxic pollutants may pass through 
POTWSs in quantities that can be harm- 
ful to the environment, which can violate 
applicable pollution-control regulations 
or prevent the recycle or reuse of the 
treated municipal wastewater. 

Both EPA and industry now are 
studying wastewater streams associated 
with the use of coal— including bottom- 
ash sluice water, flyash sluice water, 
wastewater from flue-gas scrubbers, and 
coal-pile runoff. Some of these coal- 
related wastewaters contain varying con- 
centrations of toxic heavy metals. 

Flyash is a potential source of toxic 
material when transported by water 
from electrostatic precipitators to a 
settling bond or clarifier. It can include 
several ppm of iron, nickel, and zinc 
along with trace quantities of chromium, 
copper, lead, arsenic, and cadmium. 
Bottom-ash sluice water has essentially 
the same constituents, but usually in 
lower concentrations. 

Flue-gas desulfurization systems, par- 
ticularly those currently being installed 
in the East, often are designed for zero 
aqueous discharge. Operation of these 
systems, therefore, would not be regu- 
lated by the Clean Water Act. But since 
residues from these systems generally 
are disposed of in some type of landfill, 
they fall under RCRA. 


Treatment processes 


Current heavy-metals removal tech- 
nology consists of chemical softening 
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Table 4: States and territories 
with NPDES responsibility dele- 
gated from EPA* 


Date assumed 


State NPDES authority 
California May 14, 1973 
Oregon Sep 26, 1973 
Connecticut Sep 26, 1973 
Michigan Oct 17, 1973 
Washington Nov 14, 1973 
Wisconsin Feb 4, 1973 
Vermont Mar 11, 1974 
Ohio Mar 11, 1974 
Delaware Apr 1, 1974 
Mississippi May 1, 1974 
Montana Jun 10, 1974 
Nebraska Jun 12, 1974 
Georgia Jun 28, 1974 
Kansas Jun 28, 1974 
Minnesota Jun 30, 1974 
Maryland Sep 5, 1974 
Missouri Oct 30, 1974 
Hawaii Nov 28, 1974 
Indiana Jan 1, 1975 
Wyoming Jan 30, 1975 
Colorado Mar 27, 1975 
Virginia Mar 31, 1975 
South Carolina Jun 10, 1975 
North Dakota Jun 13, 1975 
Nevada Sep 19, 1975 
North Carolina Oct 19, 1975 
New York Oct 28, 1975 
Virgin Islands Jun 30, 1976 
Illinois Oct 23, 1977 
Tennessee Dec 28, 1977 
Pennsylvania Jun 30, 1978 
lowa Aug 10, 1978 


*Sources: (1) Environmental Quality, 7th annual report of 
the Council on Environmental Quality; (2) personal 
communication, EPA Office of Water Enforcement, 
Permits Div. 
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using lime, caustic, soda ash, or sulfites. 
Spent sludges produced by these waste- 
water-treatment processes, however, will 
be considered special hazardous wastes 
under RCRA. 

Depending on the stringency of the 
EPA effluent guidelines for toxic sub- 
stances and the nature of specific waste 
streams, the requirements for wastewat- 
er-treatment equipment for individual 
plants may vary widely. 

Industry should consider conducting 
waste-characterization and treatability 
studies soon, to identify the best method 
for treating its waste streams. Be aware 
that all plants must have a national 
pollutant-discharge-elimination system 
(NPDES) permit to discharge treated 
wastewater directly into a navigable 
waterway. The permit system will ensure 
that the plants comply with effluent 
guidelines now being prepared. 

Authority to issue NPDES permits 
rests with EPA; it may, however, be 
delegated by the agency to state pollu- 
tion-control agencies. So far, EPA has 
given NPDES authority to 32 state 


agencies (Table 4), and several more are 
under consideration. EPA and the states 
use the various effluent guideline studies 
to determine discharge standards. 

By mid-1978, EPA and the states had 
issued permits to about 7700 major 
dischargers and almost 45,000 minor 
dischargers. Permits typically consist of 
effluent standards, a schedule for achiev- 
ing them, and monitoring and reporting 
requirements. Enforcement of effluent 
standards is the responsibility of EPA or 
the state that issues the NPDES permit. 
Enforcement of pretreatment standards 
is left primarily to the municipalities, 
with some support from state agencies. 
EPA is expected to enforce pretreatment 
standards only in extreme cases. 

As part of its effluent-guidelines 
program, EPA has developed NSPS that 
apply to industrial plants if construction 
commences after the standards for that 
particular industry have been promul- 
gated. The Clean Water Act requires 
that EPA issue these standards to specify 
the “greatest degree of effluent reduc- 
tion achievable through use of the best- 
available demonstrated control technolo- 
gy." NSPS requirements are applied to 
specific plants through issuance of 
NPDES permits. 

Where NSPS are applied to a new 
industrial plant, a 10-yr protection 
clause is added to the permit. This clause 
provides that a new plant built in 
compliance with NSPS is to be protected 
against any tightening of the standards 
for a period of 10 years after it 
commences operation, or for the period 
of depreciation or amortization under 
Sections 167 or 169 or the Internal 
Revenue Code, whichever is less. 


Conventional pollutants 


Besides toxic pollutants, EPA effluent 
guidelines and NPDES permits also 
must consider these conventional pollu- 
tants: five-day biochemical oxygen de- 
mand, total suspended solids, fecal coli- 
form bacteria, oil and grease, and pH. 
EPA has proposed adding others to the 
list, such as phosphorus and chemical 
oxygen demand. Since the 1972 amend- 
ments, effluent guidelines developed for 
various industries generally have ad- 
dressed the conventional pollutants listed 
above. Those applicable to waste streams 
directly associated with coal use are total 
suspended solids, pH, and oil and 
grease. 

The Clean Water Act dictates that 
EPA determine the best conventional 
treatment (BCT) technology for conven- 
tional pollutants that exist in each major 
industry. Many experts expect that BCT 
will be no more stringent than BAT 
which, in most cases, already has been 
established for the various industry 
groups. The deadline for industry imple- 
mentation of BCT technology is July 1, 
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1984, the same as for toxic-pollutant 
control. 

On Aug 28, 1979, EPA withdrew 
BAT requirements for conventional pol- 
lutants in 64 industry groups, replacing 
them with less-stringent BCT require- 
ments. EPA estimates that this action 
will save the affected industries up to 
$200-million in water-pollution-control 
costs. Affected industries include ce- 
ment, ferroalloys, glass, dairy, and food 
processors. 


Nonconventional pollutants 


The final category of pollutants regu- 
lated by the act—the so-called noncon- 
ventional pollutants— includes sub- 
stances that do not fit into either the 
toxic- or conventional-pollutant catego- 
ries. Nonconventional pollutants proba- 
bly will include such substances as 
aluminum, ammonia, and chlorine. 
EPA's deadline for meeting BAT 
effluent guidelines is three years after 
promulgation, but certainly no later than 
July 1, 1987. 

Thermal discharges do not fall into 
either the conventional or nonconven- 
tional categories of pollutants. Rather, 
heat is covered under the Clean Water 
Act as an entirely separate pollutant, 
subject to BAT requirements except as 
they may be modified in Section 316 of 
the document. 

One of the new features embodied in 
the Clean Water Act is Section 304 (e), 
which authorizes the EPA administrator 
to issue supplemental regulations for any 
toxic or hazardous pollutant identified in 
Section 307 (a) or Section 311, to ensure 


The Fuel Use Act of 1978 replaces ESECA 


The Powerplant & Industrial Fuel Use 
Act of 1978 (FUA) was signed into law 
by President Carter on Nov 9, 1978, and 
became effective on May 8, 1979. This 
legislation replaced the Energy Supply 
& Environmental Coordination Act of 
1974 (ESECA), the nation's first 
attempt to order industrial plants away 
from oil and gas (POWER, July 1975, p 
33). 

The authority granted the government 
by ESECA, including the power to issue 
orders that would prohibit the burning of 
oil and gas in large plants with coal- 
burning capability, expired Dec 31, 
1978. Prohibition orders issued under 
ESECA still hold, however, except for a 
few installations that were given the 
option of complying with ESECA orders 
or being regulated by FUA. 

FUA is expected to be more effective 
in forcing conversion to coal than 
ESECA, which had almost no tangible 
impact on fuel-use policies. One of the 
principal reasons is that FUA empowers 
DOE to prohibit the use of petroleum 
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that an industry maintains the best envi- 
ronmental-management practices 
(BMP) at operating sites. According to 
the House/Senate conference report, the 
intent of this provision in the law is 
primarily to control runoff of toxic and 
hazardous materials from industrial sites 
that results from poor or inadequate 
housekeeping procedures. 

Implementation of EPA’s authority is 
completely discretionary, but the agency 
will very likely incorporate a provision in 
NPDES permits requiring that indus- 
trial plants comply with any future regu- 
lations of management practice, whether 
such regulations are promulgated before 
or after the permit is granted. Examples 
of such regulations that could be devel- 
oped by EPA over the next several years 
include: 

= Use of a tank or other form of cover 
over the coal pile to prevent rainwater 
from picking up toxic pollutants from 
the coal and then flowing to a nearby 
stream or lake. 

B Containment measures for coal-pile 
runoff, such as dikes. 

= Lining of ash ponds to prevent 
seepage of pollutants into ground water. 

= Control of biocide-treatment prac- 
tices of cooling water to help reduce the 
presence of toxic substances in cooling- 
tower blowdown. 

Several forward-looking electric utili- 
ties already are incorporating some of 
these features into new power plants. 
Over the long term, environmental- 
management practices will become a 
more commonly used regulatory tool, 
and waste-management practices in in- 


and natural gas, or to require minimum 
percentages of an alternative fuel at 
virtually every major fuel-burning instal- 
lation (MFBI) in the US. 

The burden of proof is determining 
who should be exempt from the DOE 
prohibitions now rests squarely with 
industry —not with the government, 
which was the case with ESECA. 


Facility categorization 


An MFBI is defined as any installa- 
tion having either (1) a stationary 
combustion unit with the capacity for 
burning 100-million Btu/hr or more of 
any fuel, or (2) any combination of two 
or more combustion units at the same 
site with the combined capacity for burn- 
ing 250-million Btu/hr or more of any 
fuel. In determining the aggregate site 
capacity, only units with capacities of 
50-million Btu/hr or more are counted. 

Pumps and compressors used solely for 
the purpose of producing, handling, or 
distributing gases or liquids are not 
considered. MFBIs that are provided 


dustrial plants will be as important as 
end-of-pipe treatment. 


Superfund being considered 


Last June, the Administration pro- 
posed legislation to provide a superfund 
to pay for emergency cleanup and 
containment of oil, hazardous-substance 
spills, and abandoned or inactive hazard- 
ous-waste spills. The superfund, contain- 
ing $1.6-billion, would be financed 80% 
by fees on the oil and chemicals indus- 
tries and 2095 by federal appropriations. 
The money would be used to cover liabil- 
ity, compensation, and cleanup of oil and 
chemical spills and dangerous aban- 
doned hazardous-waste sites. 

Section 311 of the Clean Water Act 
already authorizes a $35-million fund to 
pay for any costs to EPA or the Coast 
Guard to clean up or dispose of spilled 
chemicals. The federal government is 
allowed to recover such costs from the 
responsible parties up to $50-million per 
incident —and in the case of willful 
negligence, there is no limit to the 
discharger's liability. Responsible parties 
also can be fined up to $50,000, or 
$250,000 if the spill results from willful 
negligence or misconduct. 

An EPA spokesman recently noted 
that the Section 11 fund is inadequate to 
deal with the large number of oil and 
chemical spills that occur. The recent 
Mexican oil spill that hit the Texas coast 
has required that $4-million be autho- 
rized from the fund for cleanup 
purposes. If the spill continues, cleanup 
efforts for this one spill could conceiv- 
ably exhaust the $35-million fund. 


exemptions for such uses are filed with 
and approved by DOE. 

Prohibitions and exemptions issued by 
DOE will vary between “new” and “ex- 
isting" facilities. Any installation for 
which construction or acquisition begins 
before DOE issues prohibitions will be 
considered an existing facility. New 
facilities are those beginning acquisition 
after an applicable prohibition is issued. 
In addition, DOE actions will vary 
between new boilers and new nonboilers. 
The category of nonboilers includes such 
units as gas turbines, gas cycle units, 
internal-combustion engines, and fired 
process heaters. 


Prohibitions under FUA 


The use of petroleum or natural gas 
for only new industrial-boiler MFBI is 
prohibited by FUA. Regarding new 
nonboiler MFBIs, the Secretary of Ener- 
gy has the authority to ban use of oil and 
gas for specific categories of plants by a 
general rulemaking. He also has the 
power to ban the use of oil or gas by 
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issuing orders on a case-by-case basis, 
even if a new nonboiler MFBI is not in a 
prohibited category. 

Categories of existing MFBIs with 
design capabilities of consuming 300 
million Btu/hr or more of fuels can be 
prohibited from using gas or oil by DOE. 
Smaller-capacity existing MFBIs can be 
issued prohibition orders on a case-by- 
case basis. 

Existing MFBls that have or previous- 
ly had the technical capability to use an 
alternative primary fuel, and could 
switch from gas or oil without substan- 
tial physical modification of the unit or 
significant reduction of capacity, may be 
banned from using gas or oil, provided 
such a switch is deemed as financially 
feasible. 

Prohibitions for new MFBIs will be 
based on the technical feasibility of 
changing fuels, facility size, location, 
and other relevant factors. 

Prior to issuing exemptions allowing 
the use of gas or oil at an individual 
installation, DOE must be satisfied that 
consumption cannot be partially reduced 
by using an alternative fuel for a portion 
of the facility’s needs. The use of fluid- 
ized-bed combustion methods must also 
be ruled out as economically or techni- 
cally unfeasible before an exemption is 
granted. 


Temporary exemptions 


Temporary exemptions are granted for 
a period of five years, and can be 
extended by DOE to a maximum of ten 
years. Any MFBI can be granted a 
temporary exemption if an alternative 
fuel supply is not available, if significant 
site limitations exist, if environmental 
requirements cannot be met by switching 
fuels, or if synthetic fuels will be used 
after the exemption expires. 

DOE can grant a temporary exemp- 
tion for lack of an alternative fuel if it is 
likely that an adequate and reliable 
supply of coal or other alternative fuel of 
the quality necessary would not be avail- 
able to the unit operator during the time 
of the temporary exemption “at a cost 
which, based on the best practicable esti- 
mates, does not substantially exceed the 
cost of using imported petroleum as a 
primary energy source." 

An exemption also can be granted if 
conversion to coal would violate “‘appli- 
cable" environmental laws, either state 
or federal, or if site limitations — such as 
a lack of transportation facilities for an 
alternate fuel, a lack of land for the 
necessary fuel handling, or the lack of 
sufficient water— would prevent fuel 
switching. 

In each of these cases, the operator 
must show DOE that he has made a 
“good-faith effort" to try to comply with 
the prohibition, and must demonstrate 
that, “despite such efforts, he will be 
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unable to do so for the period of the 
exemption." 

DOE can issue an exemption to a 
plant operator if he demonstrates that, 
after the five-year exemption, the unit in 
question will be using synthetic fuel 
derived from coal or another fuel. The 
operator also must show that the unit 
could not use synthetic fuel until the end 
of the exemption. To qualify for the 
exemption, a compliance plan, which 
includes evidence of a binding contract 
with a synthetic-fuel supplier, must be 
filed with DOE. 

A new MFBI can receive a temporary 
exemption if it demonstrates, with bind- 
ing contracts and state construction 
permits, that an alternative fuel will be 
used for at least 75% of the required heat 
input after the exemption expires. To 
qualify for this exemption, the installa- 
tion must have a heat-input design 
capacity of less than 300-million 
Btu/hr. 

Existing MFBIs are eligible for a 
temporary exemption if, at the end of the 
exemption period, the operator will 
comply with the prohibition either by 
switching to an "innovative" technology 
which uses an alternative fuel or by 
permanently retiring the unit in ques- 
tion. 


Permanent exemptions 


Permanent exemptions, like temporary 
exemptions, may be granted to any 
MFBI where, “despite diligent good- 
faith efforts," an adequate supply of an 
alternative fuel will not be available, one 
or more site limitations exist, or applica- 
ble environmental requirements would 
be violated. Also, new facilities can be 
permanently exempt if the use of an 
alternative fuel would prevent the owner 
from obtaining sufficient capital for 
financing. 

DOE can make permanent exemptions 
in cases where local or state laws, or 
building codes, would make unfeasible 
the siting or operation of a facility using 
coal or another alternative fuel. The 
conferees’ report, however, explicitly 
directs DOE not to recognize a state or 
local law if “it is clear that law was 
established to aid the affected 
power plant or installation to be granted 
an exemption," or to help the operators 
of the units “preclude the use of coal or 
alternative fuels in preference for gas or 
oil." 

Cogeneration for heat recovery can be 
grounds for receiving a permanent 
exemption as long as the benefits of 
cogeneration are not obtainable unless 
petroleum or natural gas is used as a 
boiler fuel. 

A permanent exemption can be 
granted if a mixture of gas or oil and an 
alternative fuel is to be used. To be 
eligible, the use of oil or gas must be 


required to “maintain operational relia- 
bility of the installation consistent with 
maintaining a reasonable level of fuel 
efficiency." If the exemption is granted, 
DOE will not require that the percentage 
of petroleum or natural gas used in the 
mixture be less than 25% of the total 
annual Btu heat input of the installa- 
tion. 

A facility may be granted a permanent 
exemption if it is to be maintained and 
operated for “emergency” purposes only, 
as defined by the Secretary of Energy, or 
if the exemption is required to meet 
scheduled equipment outages. In certain 
cases, the use of natural gas from an 
international pipeline is also sufficient 
grounds for receiving a permanent 
exemption. 

The Economic Regulatory Adminis- 
tration (ERA) of DOE is currently 
reviewing requests for exemptions under 
FUA. As of this writing, it is estimated 
that several months will be required to 
review the large volume of requests 
submitted. ERA will process most of 
them before beginning to issue prohibi- 
tion rules and orders. This means that 
bans on the use of gas and oil at specific 
facilities and categories of facilities are 
not likely to be made before the spring of 
1980. After the publication of a final 
prohibition rule or order in the Federal 
Register, the affected facility will have 
60 days to apply for an exemption. 


Energy board pending 


At President Carter's request, both the 
Senate and the House of Representatives 
have drafted bills to establish an Energy 
Mobilization Board (EMB). Its function 
would be to expedite priority energy 
projects through the perpetual maze of 
government red tape. 

Two House bills are still in the stage 
of committee review, but on Oct 4, 1979, 
the Senate passed a bill to establish 
EMB. According to this bill, the board 
would have the authority to make a 
decision for a regulatory agency regard- 
ing a designated priority energy project 
if that agency did not act within a 
proposed maximum two-year period. 
EMB could designate a priority energy 
project only if the project is likely to 
reduce US dependence on imported 
energy. 

EMB would also have the power to 
waive state and local laws that might 
affect designated priority energy proj- 
ects. However, the Secretary of the 
Interior or the EPA Administrator could 
veto any EMB decision to waive a state 
or local law. Either an EMB waiver or a 
veto action could be appealed to a feder- 
al court. 

It is possible that the Senate may 
amend and revise its bill in a compromise 
action with the bill that will eventually 
come from the House. m 
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Steam Cost Accountability 
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BIF's direct-reading, turbine type 
Shuntflo? meter tells precisely how 
much steam is being used in each 
building, segment, or process. Its a 
totalizing meter, designed to mea- 
sure the flow of steam up to 300 psig 
and 790?F. Provides an accumula- 
tive record of actual flow in pipe 
sizes 1” to 20". 

The meter accurately registers 
rates up to 15076 of rated capacity 
and can handle overloads of up to 
20076 for short periods. Accuracies 
of +2% of actual flow can be 
achieved. 

Installation is as easy as for a 
flanged pipe section in most appli- 
cations. Completely self-contained 
and selt-operating, the meter 
requires no mercury, pressure pip- 
ing, compressed air, or electrical 
power. Options include: pressure 
compensator; electric contactor to 
operate remote totalizer and/or 
demand meter; choice of digital or 
pointer counter. 

Low maintenance, magnetic 
drive design eliminates leakage 
problems common to mechanical 
drive units. Counter can be 
removed or replaced without shut- 
ting off flow. Capacity can be 
quickly modified by simple change 
of internal orifice plate. 

Every Shuntflo meter is individ- 
ually tested and calibrated to the 
customer's specific steam flow 
conditions and is shipped ready 
for service. 

For literature, contact BIF, 

1600 Division Road, West Warwick, 
RI 02893. 401-885-1000. 
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We can help you 
reduce fuel consumption and 
increase operating efficiency. 
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Vogt White Paper — One of a series. 


Vogt 


Every industry has power require- 
ments. But each user is faced with 
different specifications and job site 
conditions. For that reason, Henry 
Vogt Machine Co. manufactures 
boilers to meet a variety of 
applications. 


Module Steam Generators 
The Module Steam Generator 
(MSG) is a high-efficiency heat re- 
covery boiler that converts gas tur- 
bine exhaust heat into usable steam 
for power. It is designed of standard 
components by Vogt engineers and 
has wide-range applications to 


meet the requirements of varying 
gas turbine and steam conditions. 
The MSG is constructed from 
heavy-gauge steel casing with struc- 
tural X-braces on both sides, giving 
it strength and stress capabilities 
equal to the rigors of domestic and 
international shipping. On site, the 
MSG can be lifted from a rail car, 
turned upright and set on its foun- 
dation by the use of a single crane. 


Field-Erected Boilers 
Vogt offers field-erected designs in a 
wide range of boiler types, all with 
customer design features and 
conservative rating limits. 


With Vogt field-erected boilers our 


design engineers work with you to 
determine the design that will adapt 
best to your site conditions. The 
teamwork approach is essential 
when considering furnace size, 
configuration, degree of water cool- 
ing, combustion and heat transfer 
standards and fuel and burner 
and/or stoker requirements. 


Package Boilers 
The Vogt "DT" Package Boiler 
meets the increasing demand for a 
low cost, compact, gas and oil- 
fired, shop-assembled steam gen- 
erator. The "DT" unit is designed to 
produce steam quantities up to 
150,000 pounds per hour when 
equipped with an air heater or 
economizer. A superheater can be 


Boilers Perform. 
All Ways. 


installed to raise the final steam 
temperature to 750°F when 
operating at pressures up to 
750 psig. 

Vogt Package Boilers are avail- 
able in several standard sizes and 
can be offered for quick delivery 
and low cost when power require- 
ments can be satisfied by a 
package unit. 


Airline Dampers 
The warping and leaking of dampers 
in hot gas ducts at elevated tem- 
peratures makes usual damper 
utilization an unreliable, high- 


maintenance operation. The Voat 
Airline Damper changes all that. 
Even at operating temperatures in 
excess of 850°F, the Voat Airline 
Damper design assures tight shut- 
off with no leakage. This is possible 
through the compression of a 
unique heavy-duty gasket fixed to a 
seat angle around the inside of 

the duct. 

Vogt engineers have successfully 
addressed the problems of power 
generation, waste heat recovery and 
hot-gas flow since 1880. They stand 
ready to serve you with equipment 
and expertise, both now and in 
the future. 


We Want You To Know. Henry Vogt wants you to know about our complete line of 
boilers, because we want you to know the kind of engineering assistance we can 
provide, not only in boilers, but also in heat exchangers, valves, fittings and Tube-Ice® 
machines. For more information, call (502) 634-1511. Or write: Henry Vogt Machine 
Co., Dept. 24A-PEHB, P.O. Box 1918, Louisville, Kentucky 40201. 
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Heat Transfer 


A quality approach to engineering, 
equipment and energy savings. 
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Bender protractor provides a fast 
and accurate way to lay out conduit 
angle needs and check conduit 
bands while bending. Brochure de- 
scribes how it's constructed and 
used. — Enerpac. 


Unitized combination starter is 
covered in bulletin, which describes 
benefits of current-limiting, visible 
breaker blades, and coordinated 
protective systems. — Gould Inc, 
Distribution & Controls Div. 


Molded rubber high-voltage termi- 
nations, splices, and connectors for 
solid dielectric cable are described 
and illustrated in 22-page color 
booklet, which shows a wide variety 
of actual field installations. — Amer- 
ace Corp, Elastimold Div. 


Reliability of emergency power- 
transfer systems is the subject 
covered in the last three issues of 
the newsletter, AscoFacts. Testing, 
inspection, preventive maintenance, 
and repair are described.— Auto- 
matic Switch Co. 


Adjustable-speed ac drives are 
described here, with details of stan- 
dard features, enclosures, optional 
accessories, and summary specifi- 
cations on a line of drives from 1 
through 500 hp.— Ramsey Controls 
Inc. ; 


Portable substations carry the 
highest possible voltage closest to 
the point of use. Flyer describes 
how these units were custom de- 
signed and built for a ship-mainte- 
nance application. — Electric Tech- 
nology Corp. 


Air-cooled dynamometers suitable 
for checking the efficiency of elec- 
tric motors are described here.— 
Inductor Inc. 


High-voltage test equipment lo- 
cates cable faults before cata- 
strophic failure occurs. Complete 
set of literature also outlines testing 
procedure. — Von Corp. 


Cable raceway systems and their 
installation are covered in five 
tabled sections: methods for deter- 
mining conduit size, design limits 
and formulae, example calculations, 
system considerations, and installa- 
tions. — Okonite Corp. 


Watthour and demand meters are 
described in easy-to-follow tabular 
form with illustrations, application 
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information, and circuit diagrams. — 
Westinghouse Electric Corp. 


Tube expanders and accessories 
for heat exchangers and condens- 
ers are listed and illustrated in bulle- 
tin, which also discusses how to get 
the most out of your equipment by 
proper maintenance. — Carrier 
Corp, Elliott Co Div. 


Double-orifice steam trap is de- 
scribed with design features such as 
ball check, double-orifice system, 
and in-line renewal via encapsulated 
internals. Capacity curves, parts 
and materials, plus dimensions and 
weights are included.— Yarway 
Corp. 


Solids-handling submersible pump 
bulletin describes how pumps are 
designed to handle abrasive/corro- 
sive liquids and slurries, such as 
flyash, construction debris, and in- 
dustrial waste. Dimensions, weights, 
and performance curves are in- 
cluded. — Gorman-Rupp Co. 


Actuator line includes electrical 
rotary- and linear-stroke, as well as 
worm, spur, and bevel-gear opera- 
tion. Complete assembly, sales, and 
servicing operations in the US was 
recently established. Literature de- 
scribes product line and lists your 
representative. — AUMA Actuators 
Inc. 


Hydraulic ratchet wrenches come 
in six sizes, electric- or air-powered. 
Literature describes torquing capa- 
bilities from zero to 80,000 ft-lbs, 
plus complete flexibility provided by 
nine-point reaction kit that makes 
the wrench self-locking and self- 
holding for hands-off operation. — 
Torque Systems International. 


Forged steel valves, including 
globes, gates, angles, lift checks, 
and ball valves, are described in 
catalog, which covers new tempera- 
ture rating and other design refine- 
ments of this product line. — Jenkins 
Bros. 


Horizontal, centrifugal, split-case 
pumps are shown in cutaway illus- 
trations and engineering drawings. 
Brochure also provides perform- 
ance charts giving total head and 
flow parameters for all models, for 
example, 350 ft at up to 6000 gpm, 
or 600 ft at 3000 gpm.— Peerless 
Pump Co. 


Butterfly valves have a thick, void- 


Benefit From 
Our 30 Years of 
Heating System 
Engineering 


American Hydrotherm 
offers complete engi- 
neered heating/cooling 
systems for processes 
and buildings. 


> Conserve fossil fuels by in- 
cineration of mixed refuse 
orwaste materials with heat 
recovery. 


» Save 50% of initial in- 
stalled costand floor space 
with our packaged temper- 
ature control systems. 


» Save 20%. Cut steam 
losses by converting to 
high temperature water 
systems. 


m Achieve, easy, practical, 
proven heating/cooling — 
ambient to 1,000? F—with 
non-flammable molten salt 
dilution systems. 


9» Save 10-to-30% fuel with 
waste heat recovery Sys- 
tems. 

e For stack or exhaust 
gases... 

e For high temperature 
water... 


»- Reduce costs with cogen- 
eration and/or total energy 
plants, utilizing fossil and 
solid waste fuels to gener- 
ate power, and heat for 
residential comfort and 
space heating. 


Thirty Years Experience 


» Designing central HTW 
plants and distribution sys- 
tems. 


» Converting existing steam 
plants to HTW. 


» Evaluating, modernizing 
retrofitting existing plants 
for increased heat utiliza- 
tion and reduced energy 

consumption. 


Zor 
HYDROTHERM e 


American Hydrotherm 
Corporation 
470 Park Avenue South 
New York, N.Y. 10016 

(212) 889-7100 
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free disc and body liner of ultra- 
high-molecular weight polyethylene, 
which is precision-molded for maxi- 
mum abrasion and chemical resist- 
ance. Brochure describes use in all 
types of abrasive service from drill- 
ing mud to flyash.—Garlock Inc, 
Valves & Industrial Plastics. 


Gate, globe, and check valves are 
described in 150-, 300-, and 600-Ib 
pressure classes in sizes up to 42 in. 
for the gate valve, 12 in. for the 
check valve, and 6 in. for the globe 
valve. Bulletin includes cutaway 
drawings keyed to parts lists, plus 
charts of dimensions in both inches 
and millimeters. — Lunkenheimer- 
Canada Ltd. 


Slurry-pump brochure contains se- 
lection charts, suggested installa- 
tions, cross-sectional diagrams, and 
descriptive illustrations. Applica- 
tions are in mining, utilities, and 
industry. —Warman International 
Inc. 


Tube-fitting manuals are pro- 
grammed for self instruction in the 
makeup and installation of flared 
and flareless fittings. Easy-to-follow 
format covers the principles of tube- 
end preparation, fitting, make-up, 
and assembly.— Parker Hannifin 
Corp. 


Drop oil-bath filter concept pro- 
vides extremely low pressure loss, 
and does not need any external 
power for oil handling. Filters are 
recommended for cleaning intake 
air to engines, compressors, and 
blowers.— Air-Maze Incom Interna- 
tional Inc. 


Water-purification brochure de- 
scribes standard and custom com- 
ponents and systems, from filters, 
absorbers, and water softeners suit- 
able for water pretreatment to de- 
ionizing equipment in various con- 
figurations. Chart summarizes the 
contaminant-removal capabilities 
and effectiveness of nine types of 
water treatment. — Vaponic Inc. 


Boiler-feedwater-treatment fact 
sheet describes the use of an aque- 
ous blend of polymeric dispersants 
and antifoam agents. Comparative 
illustration and diagrams show con- 
trol of iron oxide and hardness 
deposition. — Betz Laboratories Inc. 


Industrial filters and filter separa- 
tors, filter elements, instrumentation 
and flow devices, turbine-oil condi- 
tioners, discharge-control systems, 
and company's new filtration testing 
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laboratory are described and illus- 
trated. — Keene Corp, Filtration Div. 


Condensers and heat exchangers 
have a novel method of tube 
support that replaces the drilled 
support plates and baffle plates in 
conventional systems with a series 
of perforated metal strips that lock 
together in rigid honeycomb struc- 
ture. Each tube is supported in a 
precise V-shaped cradle in the 
honeycomb, giving two kinds of 
tube contact. Significant increase in 
longitudinal flow greatly reduces 
shell-side pressure drop.— Ecolaire 
Condenser Inc. 


Heat exchangers for general heat- 
ing and cooling, special CPI pro- 
cesses, air aftercooling, and other 
applications are described. Shell- 
and-tube, plate-type, and air-cooled 
units are listed, as well as steam 
condensers. — American Standard 
Co, Heat Transfer Div. 


Water-treatment capabilities are 
described, including new develop- 
ments in cooling-water treatment, 
water clarification, energy additives, 
and boiler-water treatment. — Dober 
Chemical Corp, Water Treatment 
Div. 


“High purity water from the 
Source" describes processes used 
to produce pure water, equipment 
used, source-water characteristics 
to be considered, and the selection 
of pumps and other components. — 
Aqua Media. 


Packaged boilers and boiler-room 
accessories, such as feedwater sys- 
tems, heat-transfer liquid heaters, 
control centers, and annunciators, 
are described.— Aqua-Chem Inc, 
Cleaver Brooks Div. 


Centrifugal fans with backward- 
inclined blades are detailed in bulle- 
tin that describes two airfoil designs 
for different air-moving applications. 
Designed to metric dimensions, the 
fans are offered in three classes of 
construction, belt-driven and direct- 
drive. — Aerovent Inc. 


Fuel flexibility with fluidized-bed 
combustion packaged boilers is de- 
scribed in brochure. Boilers burn all 
grades of coal, oil, and natural gas, 
either individually or simultaneously, 
with improved efficiency and emis- 
sion performance. — Johnston Boiler 
Co. 


Energy Monitor is a computer print- 
out of operating conditions and 
cumulative energy savings possible 
from a boiler water-management 
program. Printout is delivered peri- 
odically to commercial and indus- 
trial users while they participate in 
program. — Mogul Corp. 


Feedwater heaters out of service 
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can cost you dollars in lost efficien- 
cy and downtime. Company's in- 
house engineering and manufactur- 
ing can repair or replace your heat- 
ers quickly. — Perfex Group, Energy 
Systems Div. 


Waste-heat recovery for make-up 
or facilities heating uses fan-type 
heat exchangers installed near an 
outside wall with appropriate duct- 
work to channel away heat. A duct 
switch permits blown hot air to be 
channeled inside during winter or 
outside in summer. — American 
Standard Co, Heat Transfer Div. 


Worn V-belt sheaves can be 
checked for wear using paper- 
sheave templates. If the template 
shows more than '5» in. wear the 
sheave should be replaced. Other- 
wise it causes rapid belt wear, hot 
bearings, belt slippage, and wasted 
energy. — Dayco Corp. 


Crushing equipment described in 
brochure includes rotary breakers, 
ring hammermills, impact crushers, 
and roll crushers. Performance and 
construction features of equipment 
are described, and a detailed inqui- 
ry form is included for requesting 
economic evaluations and bid pro- 
posals. — Koppers Co. 


Bulk materials storage, handling, 
and transport; products and ser- 
vices brochure covers turnkey re- 
sponsibility for customized systems 
from high-speed log and chip han- 
dling to coal-fired production and 
processing. — Jervis Webb Co. 


Oil storage and handling systems 
are described in brochure that 
includes details of properly de- 
signed and sized pump and heater 
sets and storage tanks, as well as 
accessories, such as conduit sys- 
tems, wiring, and piping. — Mills, Fife 
& MacDonald Inc. 


“Fuel oil preburner problems" is a 
new bulletin that deals with causes 
and cures for contamination in oil 
handling systems, including storage 
tanks, oil preheaters, strainers, 
burner-tips, pumps, and piping con- 
nections. — Drew Chemical Corp. 


Fuel economizer is a highly efficient 
heat-recovery device. Two bro- 
chures describe how it saves fuel by 
recovering heat from flue gases and 
putting it to work. — Tranter Inc. 


“Terminology of gaging” is a book- 
let filled with valuable gaging infor- 
mation terminology and definitions. 
It also describes a new line of densi- 
ty gages that measures density, 
specific gravity, or percentage of 
solids in liquids or solids flowing 
through pipelines 2-24 in. in diame- 
ter. — Ohmart Corp. 


Bulk-materials-handling and fuels- 
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processing brochure describes the 
latest systems available for loading, 
unloading, moving, and storing coal, 


Cost savings in purchased power 
range up to $216,000 a year.— 
Layman Associates Inc. 


Celsius to Fahrenheit. — Omega En- 
gineering Inc. 


ash, minerals, and other bulk com- 250 Conductivity instruments, moni- 
modities, as well as systems for 247 Heavy-duty regenerators for 5000 tors, controllers, and accessories 
sintering ferrous and nonferrous to 100,000-hp gas turbines reduce for use in the measurement and 
ores, ironmaking, and fuel recovery fuel consumption up to 30%. Units control of water purity are described 
and conversion. — McDowell-Well- have demonstrated overall perform- in brochure. Products detailed in- 
man Co. ance of 81 to 87% effectiveness and clude a hand-held meter, a line of 
a pressure drop of 3.5%. Units are continuous recording monitor sys- 
244 Hydroelectric power plants around reportedly designed to operate for tems, and cooling-tower water con- 
the world are described with pic- 120,000 hours and 5000 cycles with- trollers. — Myron L Co. 
tures and diagrams of the hydraulic out scheduled repairs. — Garrett 
layout. Benefits of hydroelectric Corp, AiResearch Manufacturing 251 Electronic analog controllers, indi- 
power company's resources are de- Div. cating stations, and recorders have 
scribed. — Harza Engineering Co. plug-in components to simplify trou- 
248 Power-rating chart covers a com- bleshooting and maintenance. To 
245 Weather-proof housing for stand- plete line of diesels from 30 to 2845 assemble any type of control sta- 
by generator systems is available to max hp, and provides data on cylin- tion, simply select correct program 
protect and enhance the appear- ders, bore and stroke, displace- board and plug in the appropriate 
ance of company's generator sets, ment, maximum torque, brake standard modules.— Moore Prod- 
which range in size from 17.5 to 350 horsepower at various speeds, de- ucts Co. 
kW. Molded of fire-retardant resins, ductions for altitude and tempera- 
the three-piece fiberglass enclosure ture, and other information.— 252 Surface temperature measure- 
measures 7 ft x 12 ft with an 8-ft Dresser Industries Inc, Waukesha ments, rate and total heat-transfer 
center height.— Empire Generator Div. measurements to wall surfaces, and 
Corp. local gas-temperature measure- 
249 Digital readout-temperature indi- ments are covered in set of five 
246 Turbine energy saving applica- cators and designed for use with a technical articles by company engi- 
tions, with before and after data on variety of thermocouples, thermis- neers. — Nanmac Corp. 
energy consumption and costs, are ters, or RTDs. Each unit has a 
described. Included are flow dia- simple interchangeable plug-in 253 Load cells, fluid flow and level 


grams showing cogeneration using 
steam from waste-burning boilers 
and low-pressure surplus steam. 


module to convert to one of 13 
different ranges and calibrations. A 
switch allows easy conversion from 


sensors, and electrical and thermo- 
couple harnesses are featured here. 
Brochure shows how company's 


New ZURN 596 Series 
Strain-O-Matic’.. . 

The Kind Of Strainer 
You'd Buy If You Had To 
Operate And Service It. 


Pipeline strainers are usually purchased by comparing 
performance levels needed to protect critical equipment from 
solids entrained in fluid flows. We not only designed our new 
596 series Strain-O-Matic® self-cleaning strainer for maximum 
performance — greater effective cleaning area, more efficient 
backwash, less pressure drop, but we also simplified and 
unitized its design so that it was easy to take apart and put 
back together again. That way it can get back to doing what it's 
supposed to be doing very quickly. If serviceability and 
availability of a pipeline strainer are just as important to you as 
its performance and reliability, write, call or telex us for more 
information on our new 596 series — Zurn Industries, Inc., Fluid 
Handling Div., 901 West 12th Street, Erie, PA 16501, Phone: 
814/455-0921, Telex: 91-4419. 


Б Щч 
ZURN a step ahead of tomorrow 
el 
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manufacturing capabilities match 
many commercial, industrial, and 
military needs.—Revere Corp of 
America. 
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which shows typical installations 
and details performance data for 
three types of covers. — Fiberglass 
Specialty Co. 


Air-sampling products, including 
constant-flow controlled low-volume 
air samplers, high-volume air-sam- 
pling systems, constant flow con- 
trollers, etc, are described in data 
sheet. — Kurtz Instruments Inc. 


261 


coatings used primarily for the 
protection of electric transmission 
towers. They're also valuable for 
heavy industrial maintenance and 
new construction. — Carboline Co, 
Subox Div. 


Screening equipment and 
water/wastewater treatment equip- 
ment for electric generating stations 
are described here, including travel- 
ing water screens, trash-rack rakes, 


258 Methane monitor continuously chain and scraper collectors, gravity 
254 Industrial communications and checks the ambient air for methane thickeners, and aeration equip- 
distributed control system provides and nonmethane hydrocarbons. It ment. — Envirex Inc, Industrial Mar- 
an efficient and economical way to can simultaneously measure the keting Group. 
integrate programmable controllers, concentration of total hydrocar- 
computers, and terminals with mon- bons, total hydrocarbons less me- 262 Lime-recovery systems and equip- 
itoring/sensing devices.— Gould thane, or methane alone.— Mine ment are described with illustrations 
Inc, Modicon Div. Safety Appliances Co. and flow diagrams showing the 
general features and operation of 
255 Training courses for technicians 259  Coating-systems catalog provides systems. Reuse of lime is also 
who operate continuous air-moni- charts for rapid determination of described. — Kennedy Van Suan 
toring networks are offered. Instruc- best coating system for all types of Corp. 
tors will come to your facility or interior and exterior surfaces under 
technicians can go to the training normal and severe exposure. It also 263  Chilled-water coils, with removable 
laboratory in Massachusetts. contains a corrosion-resistance end-cover plates for complete 
Courses cover operation of almost guide for selection of rust-preventa- draining and easy cleaning of tubes, 
all brands of recording instru- tive coatings and description of provide energy efficiency and im- 
ments. — Environmental Research & company's coating products. — prove performance.— Robert C 
Technology Inc. Rust-Oleum Corp. Burns Assn. 
256 Domes, covers, and custom spe- 260 Anticorrosive coatings brochurein- 264 Boiler tube facts is a pocket-sized 


cialty work for water and waste 
facilities are described in catalog, 


cludes a simplified painting guide 
that describes four basic types of 


encyclopedia on boiler-tube mainte- 
(continues on p 123) 


Cut energy costs all day, all night, 
weekends and holidays with the new 
Basic 8 Load Programmer. 


Now there is a low cost way to 
control electric loads in your store or 
building around the clock. You can 
even program it for holidays! 

Its the new microprocessor based 
Basic 8 Load Programmer. 

The Basic 8 is cost effective. It's truly 
the right product at the right time. 


Check these features. 

e Schedule up to 8 different daily load 
programs plus holidays. 

* Five different duty cycle programs 
available for any load. 

e Photocell input coordinates control of 
exterior lighting. 

* lemperature input overrides duty 
cycle program to insure comfort at 

all times. Pacific Technology Inc., РО. Box 149, 
e Quartz crystal clock provides Renton, WA, 98055. Telex 32-1051. 


Pacific Technology Inc. 


A wholly owned subsidiary of Butler Manufacturing Company 


program accuracies within seconds 
per month. 

e Battery back-up automatically 
retains memory and runs clock up 
to 14 days so you wont lose the 
program in the event of prolonged 
power failure. 

* Basic 85 aesthetically satisfying 
programming keyboard offers the 
ultimate in functional simplicity 
combined with a little built-in magic 
to defeat tampering hands. 


For an immediate demonstration or 
more information. 

Call or write us to arrange an early 
demonstration or get more information. 
Phone (206) 623-9080. Address 
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Cochrane products save on steam, fuel and maintenance. 


| CBA Uni-Mod Deaerator 


As fuel grows scarcer, costs go 
higher. That fact of life plays a major part 
in today's purchasing and planning. So the 
sooner you conserve energy, the sooner 
you'll begin to save money. Cochrane prod- 
ucts help you do both. 

Take our CBA Condensate Booster 
Drainage Control System. The closed loop, 
jet-action plus centrifugal pump returns the 
condensate directly to the boiler so there's 
no surge and no steam loss from flashing. 
The fuel you save may well pay for the unit 
in less than a year. 

Our Uni-Mod? Deaerators keep boiler 


Drainer 


Multiport 


Exhaust Head 


CBO 


feedwater systems corrosion-free. Less fuel 
is used, and there is less replacement of 
vital parts. 

The Cochrane Continuous Blowoff 
System recovers heat that would otherwise 
be wasted. Even with small boilers, fuel sav- 
ings alone with the CBO will be impressive 
the first year of operation. 

For steam control and savings, 
Cochrane multi-port relief valves provide 
over-pressure regulation to relieve to the 
atmosphere safely, and without waste. Con- 
densate drainers handle waste steam 
continuously and automatically. Our steam 
exhaust heads cut down on oil particulates, 
moisture and noise. 

Start cutting down on fuel costs, and 
start saving. Our Cochrane engineers will 
show you how. For all the details, call or 
write Crane Co., Cochrane Environmental 
Systems division, P.O. Box 191 King of 
Prussia, PA 19406 Tel: 215 265-5050 


COCHRANE 


CRANE ENVIRONMENTAL SYSTEMS 
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energy crisis: —— — 
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D) portunity unempl | er : 


|»... Energy plays no favorites. When the crunch hits, 
dustry feels it first with fuel allotments, production 
cutbacks and-forced layoffs. But, the ripples soon spread 
across the entire economy affecting all businesses and 
everybodys job. pex ie 


a 


On the positive side, the recently formed D 
partment of Energy is beginning to implement a com- 
“prehensive federal energy policy. To help the energy 
managers in utilities, industry and consultant firms 

coordinate their efforts with government agencies, 
McGraw-Hill’s Power magazine published a comprehen- Ег. 
sive guide to the Federal energy agencies plus a detailed 
status report on what is being done, where and by whom. 
While most McGraw-Hill magazines mean little to 
anyone other than the specialized audiences for which |. 
they are written, this in-depth report was sent to every 
member of Congress, state governors, and important 
governmental leaders. Often our magazines focus on is- 
sues that have significance and influence across the en- 
tire business, industrial and professional spectrum. 

“Washington's Energy Posture’ is a six-page reprint - 
from Powers special report that takes you through the 
Department of Energy, its structure and its mission. 

If you would like a copy, write James J. O Connor, 


Editor-in-Chief. | 


McGraw-Hill Publications Company, 1221 Avenue of the 
Americas, New York, N.Y. 10020 | | 


McGraw-Hill Magazines 
[JU 
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We help the doers get things done. P 
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nance that also outlines company's 
capabilities to respond fast to emer- 
gency boiler problems or to act on a 
stand-by basis for preventative 
maintenance.— Boiler Tube Co of 
America. 


269 
265 Consulting services for power gen- 
eration are backed by 65 years 
experience in coal-fired plants, pro- 
cess plants off sites, fuel handling, 
mechanical, and electrical systems, 
energy management and conserva- 
tion, and solar research. — Black & 
Veatch. 
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Conserve steam, fuel, and mainte- 
nance with such products as con- 
densate-booster drainage-control 
systems, deaerators, continuous 
blow-off systems, multiport relief 
valves, etc. Company's engineers 
will show you how.—Crane Co, 
Cochrane Environmental Systems 
Div. 
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Infrared radiant-heating system 


puts heat where you need it, down 
on the floor, warming people and 
equipment, not air. Catalog. de- 
scribes both oil and gas-fired sys- 
tems. — Cox Manufacturing Co. 


Steam generator can make your 
boiler room pay for itself, as shown 
by case histories, independent test- 
room comparisons, or an in-plant 
survey of your operations. — Clayton 
Manufacturing Co. 


Uninterruptible power systems, ac 
power sources/frequency convert- 
ers, ac line conditioners, high isola- 
tion transformers, and solid-state 
inverters are offered.— Elgar АС 
Power Supplies. 


Ash-handling systems, including 
pneumatic vacuum systems, pneu- 
matic pressure systems, and hy- 
draulic systems, for fossil-fuel boil- 
ers are described in brochure that is 
of particular value if you are chang- 
ing fuels or upgrading existing facili- 
ty. — Allen-Sherman Hoff Co. 


Coffin turbo pumps combine tur- 
bine and feed-water pump in an 
integral unit mounted on a single 
shaft. There are no couplings and 
fewer rings or sleeves, so there's 
less to service and few parts to 
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repair. And it'S backed by 24-hour 
response. — FMC Corp, Turbo Pump 
Operation. 


Optimum insulation thickness is 
the amount that will result in lowest 
total cost for insulation and lost heat 
over the life of the system. Energy 
Reduction Analysis is a computer 
program that determines the op- 
timum thickness for every pipe and 
tank in your facility. — Johns-Mans- 
ville. 


Water-quality monitor measures 
any water parameter — temperature, 
conductivity, pH, dissolved oxygen, 
etc— іп fresh or sea water to 300 m 
depth. Company offers this and 
many other data acquisition and 
retrieval systems. — Martek Instru- 
ments Inc. 


Load programmer can contain up 
to eight daily load programs, five 
different duty cycle programs, and 
accept temperature or photocell 
input. Battery back-up will run 
quartz clock up to 14-days in event 
of power failure. — Pacific Technolo- 
gy Inc. 


Pipe-welding costs can be reduced 
with backing rings that fit closely 
inside pipe, ensuring precise align- 


New brochure 


systems. 


This brochure describes 
various systems for 
removing ash from 
industrial boilers burn- 
ing fossil fuels. Discus- 
sions cover pneumatic 
vacuum systems, pneu- 
matic pressure systems 
and hydraulic systems. 
If you're considering 
afuel change, or upgrad- 
ing your existing facility, 
send for a copy today. 
The Allen-Sherman-Hoff 
Company, An 
ECOLAIRE Company, 
One Country View Road, Malvern, PA 19355. 
(215) 647-9900. Telex: 83-1395. 


Company 
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Allen-Sherman-Hoff ECOLAIRE 


Company 


Pennsylvania 
Coal Crushers 
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COAL GRANULATORS 
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Supplying the power generating industry for over 70 years, with the 
most highly regarded coal crushers and coal crusher service programs. 


Write for complete technical information: 


Pennsylvania 
Crusher 
Corporation 


BOX 100 e BROOMALL, PA 19008 e (215) 544-7200 


® 


Subsidiary of 
Penn Virginia Corporation 


123 


ii 


SUN 


. WONDAIRE INFRARED 
RADIANT 
HEATING 


Like the sun, Wondaire ` 276 
puts heat where you need 3 
. . down on the floor, warming 
personnel, products and equip- 
ment— not the air. No dust is being 


blown or moved. Both oil-fired and 


gas-fired systems available. Heat- 3 

ing savings of 5096 and more x A 277 
have been realized with comfort E. = E 

not believed possible. Let our 

professional contractor, and 

engineer install a low cost 

WONDAIRE INFRARED 

RADIANT HEATING — E : "us 

SYSTEM in >- 7 & | 278 
your facility. ' э 

Write for free 

catalog and name 

of nearest dealer. 


COX MANUFACTURING CO, INC. 


RIDGEVILLE, INDIANA 47380 | 279 
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[New] [Renewal] | Address change | RENEWALS AND ADDRESS CHANGES 
ATTACH LABEL HERE 281 
50-145 Notes: 1. Date on top right of your label 
| Deliver to home| | Deliver to office | Deliver to office = тсе | | indicates expiration of your subscription. 
2. Please notify us before you change 


Ad $ : А 
Es your residence. We will make change with 
next issue after date below. 
State ‘Country New and Renewals 


New subscribers New and renewals 


Company name Location 3 years $22.00* al 1 year $10.00* Ss 
Payment enclosed ШЕЕ ТЕЗЕ 


Product or Service *United States rates. International rates 
$50 for one year. $100 for three years. 


[Manufacturer ESET ранама | | С 3 YEARS CANADA $24.00 


Title Number of 
employees 
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Fulfillment Manager, POWER 
P.O. Box 430, Hightstown, New Jersey 08520 284 
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ment and fit-up and allowing com- 
plete penetration and fusion of the 
weld.—Robvon Backing Ring Co. 


Engineering, construction, opera- 
tion, and maintenance know-how 
available from this company will 
streamline any type of energy facility 
you may be planning.— Rust Engi- 
neering Co. 


Flowmeters accurate to +0.5% are 
available to measure liquid flow in 
diameters from 2 in. to 48 in. and 
up. Universal Venturi tube flowmet- 
ers avoid inaccuracies caused by 
upstream piping. — BIF Co. 


Fuel economizer is a highly efficient 
heat-recovery device computer de- 
signed to your needs. It can be 
retrofitted to a boiler to recover 
waste heat from flue gases and 
return this heat to the feedwater. — 
Tranter Inc. 


Additives for low-grade fuels enable 
plant operators to avoid costly 
corrosion, deposition, and energy 
waste, complying with environmen- 
tal restrictions. — Petrolite Corp, 
Tretolite Div. 


Boilers to meet a variety of applica- 
tions are offered, including module 
steam generators, field-erected 
boilers, package boilers, etc. Also 
air-line dampers that won't warp or 
leak in hot gas ducts up to 850F.— 
Henry Vogt Machine Co. 


Engine-control system uses micro- 
processor and analog technologies 
to provide local or remote monitor- 
ing of engine conditions and control 
of engine loops. Programming is 
through keyboard or CRT, and 
system is self-checking with positive 
shutdown in case of failure. Wood- 
ward Governor Co. 


Pipeline strainer is designed for 
greater effective cleaning area, 
more efficient backwash, less pres- 
sure drop, and is easy to take apart 
and put back together again. — Zurn 
Industries Inc, Fluid Handling Div. 


Fans for all types of punishing 
service are offered in many types 
and styles with inlet volumes rang- 
ing from 150 to 1,000,000 cfm and 
static pressures to 100 in. water. 
Bulletin describes fans for light, 
medium or heavy duty, standard or 
custom design. — Clarage Fan Co. 


Cantilever-shaft pumps are de- 
signed for such problem applica- 
(continues on p 129) 
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if beside the quality 

its experience you want, 

your choice is 

BREDA TERMOMECCANICA 
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DELTAK’ 


CORPORATION 


Deltak is providing solutions to a variety 
of heat recovery and solid fuel fired 
boiler applications. 


Our products utilize the latest 


а 
boiler technological solutions with proven heat 
ш transfer and manufacturing techniques. 
are helping Deltak’s combination of innovative 

| design, project engineering, and 

| manufacturing capability provides 
V consistent, superior product 

J performance. 

[oria | o Deltak's factory assembled, modularized 
design concepts provide fully integrated 
systems for: 

energy ... GAS TURBINE EXHAUST BOILERS 


.. WOOD AND COAL FIRED BOILERS 
Pallleme ... FLUIDIZED BED BOILERS 
| а ... WASTE HEAT RECOVERY BOILERS 
..PROCESS GAS COOLERS 


...OPECIAL APPLICATIONS 
For more information please contact us. 
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DELTAK CORPORATION 


Energy Conservation and Conversion by Innovative Design «P.0. BOX 9496, MINNEAPOLIS, MINNESOTA 55440, PHONE: 612-544-3371 TELEX: 29-0812 
MINNEAPOLIS * LOS ANGELES * THE HAGUE, NETHERLANDS 
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AC POWER 
SUPPLIES 


SELGA 


an Onery power systems company 


8225 Mercury Court, Dept. PG, San Diego, CA 92111. 
In California call (714) 565-1155. 
Out of State, call (800) 854-2213 toll free. 


UNINTERRUPTIBLE POWER 
SYSTEMS (UPS) 


0.5 TO 45KVA, SINGLE AND THREE PHASE. 

Elgar's UPS include rectifier /charger, battery, inverter, 
synchronizing and switching equipment to assure precise, 
uninterruptible power to critical loads. Typical performance 
includes 196 voltage regulation, 596 maximum total harmonic 
distortion. 


AC POWER SOURCES / 
FREQUENCY CONVERTERS 


50/60Hz INPUT, 15Hz TO 10KHz OUTPUT, 120VA 
TO 27KVA. 

Elgar's AC Power Sources provide fixed, variable, or 
programmable output voltages and frequencies with the 
largest number of single-, two-, or three-phase models 
available. Typical specifications include 25 microseconds 
response time, 0.4% maximum distortion and 0.1% 
regulation. 


AC LINE CONDITIONERS 


HIGH-SPEED (10 SEC.) REGULATION, TRANSIENT 
FILTERING, WAVEFORM CORRECTION, 1KVA TO 
15KVA. 

Elgar's AC Line Conditioners solve every power line 
problem except complete interruptions and are available 
in 1KVA, 3KVA and 5KVA single phase, 3, 9 and 15KVA 
three-phase models. 


HIGH ISOLATION 


TRANSFORMERS (HITs) 


1KVA TO 60KVA MODELS PROVIDE UP TO 146dB 
OF COMMON-MODE NOISE ATTENUATION. 
Elgar's HITs are triple-shielded transformers with tightly 
controlled interwinding capacitance (to 0.0005pF) to 
virtually eliminate common-mode line noise and other line 
transients. All HITs are available from stock. 


SOLID-STATE INVERTERS 

24, 48, AND 120VDC INPUT TO AC INVERTERS, 
600VA TO 50KVA 

Elgar offers a wide variety of inverters from small, high- 
efficiency 24 and 48 VDC input devices to NUCLEAR 
QUALIFIED 120VDC input units. 
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Every year, our editors 
travel far enough 
to get to the moon 


and back 8 times. 


It takes a lot of news and information to produce the 60-plus magazines, 
newsletters, books and wire services that make up the McGraw-Hill Publica- 
tions Company. And if this wealth of information is to be useful to business, 
industrial and professional readers like you, it has to be current, pertinent, 
factual and interesting. 

50, we employ nearly 600 full-time editors and reporters, over 400 
correspondents and support people. And they QN 
spend much of their time on the road and in the | 
air— sourcing, uncovering, verifying and ampli- 
fying the material we publish each month, week 
and day. In fact, last year, our people traveled 
more than 4,100,000 miles and made more than 
51,400 editorial visits. 

We're doing our best to keep expenses 
down. But, not at the sacrifice of our editorial 
vitality and integrity. So, if increases in costs 
force a raise in subscription rates, please under- 
stand. It's because we refuse to compromise 
when it comes to publishing the kind of infor- 
mation you want to read. 


RES 
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tions as handling bottom ash, 
flyash, and coal yard drainage. 
Pumps can move slurries with up to 
70% solids, at temperatures to 
1500F. Capacities extend to 12,000 
gpm. — Nagle Pumps Inc. 


Primer system helps keep condens- 
ers operating at peak efficiency by 
removing air from the circulating 
water system.— Nash Engineering 
Co. 


Rubber-seat ball valves feature 
E-Lok valve-seating system that 
offers longer seat life and lower 
seating torque. Designed for water 
and wastewater applications requir- 
ing throttling or on/off service, the 
valves come in 6-60-in. sizes for 
ANSI classes 150 and 300.— Henry 
Pratt Co. 


Compact bronze ball valves come 
in sizes from 1⁄4 to 2 in. They feature 
a large port for full, unobstructed 
flow, TFE seats, and glass-filled TFE 


packing. WOG ratings extend from 
— 20 to 100F at 400 psig; saturated 
steam, 150 psig.— Jenkins Bros. 


performance with less maintenance 
and lower cost than any competitive 
unit. Series-595 strainers automati- 
cally and continuously remove deb- 


288 Automatic controller, self-con- ris from water and wastewater pipe- 
tained, is said to regulate reliably lines ranging in size from 10 to 16 
sealant fluid flow on centrifugal in. — Zurn Industries Inc. 
pumps, compressors, and other 
rotating machinery with stuffing-box 292 Corrosion Inhibitors combat pit- 
packings or labyrinth seals. Control- ting, thinning, and failure of conden- 
ler senses flow directly, without sate piping systems. Nalpac 8246, a 
pressure taps or other indirect combination of three liquid neutral- 
elements. — W A Kates Co. izing amines with different volatility 

characteristics, neutralizes acid gas- 

289 Universal mechanical packing, es. — Nalco Chemical Co. 

Style 200, developed for gunpack- 

type expansion joints, reportedly is 293 Manual operators, spring-return 
dimensionally stable and resists ex- Torq-Handle type, for company's 
trusion. The unsintered PTFE ball valves are designed to return 
square packing is effective in water valves to a predetermined posi- 
and steam systems at temperatures tion — either open or closed — when 
up to 260C over the entire pH the valves are not manually or 
range. —A W Chesterton Co. mechanically held in the operated 

position. — Jamesbury Corp. 

290 Pulsation-damping, accumulators, 
are designed to protect reactor 294 Vic-Tap, a device for tapping into 
reciprocating charging pumps and pressurized piping systems, bolts on 
associated piping from pulsations to any 6-in. steel pipe and provides 
and cavitation-induced fatigue a 2'-in. connection in less than 20 
stress. The accumulator has a long- min. Unit is UL listed for tapping into 
life edge-welded diaphragm nest- fire systems operating under pres- 
ing-ripple bellows. — Metal Bellows. sures up to 300 psig. Only a stan- 

dard 120-V connection for the hole 

291 Self-cleaning strainer reportedly saw is required to complete the 


offers design simplicity and high 


job.— Victaulic Co of America. 


POWER PLANT 


We buy and sell motors, 


INTERNATIONAL POWER 


ELECTRICAL, 
STEAM, 


AND 


EQUIPMENT 


generators, turbines, 
boilers, transformers, 
rectifiers, etc. 


MACHINERY CO. 


834GB Terminal Tower 

Cleveland, Ohio 44113 
area code (216) 

telephone 621-9514 
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reduce pipe welding costs 


ROBVON BACKING RINGS 


Designed for quick easy alignment of pipe or tubing...assure 
precise close tolerance fit-up...allow complete penetration 

and fusion of the weld and radiograph perfect certified welds. 
Patented NUBS automatically set welding gap for the root-pass. 
Internal bevel and flat inner land assures nonrestricted 

fluid flow. In Carbon Steel, Chrome Alloys, Stainless, Aluminum 
and other exotic materials. 


Robvon products 
are qualified for 
Nuclear work. 


Machined rings and Consumable Inserts to customers' 
specifications. Consumable inserts for critical Carbon Steel, 


Send for Complete Catalo : 
- ^ 9 Stainless and Chrome molys. 


ROBVON BACKING RING COMPANY 
365 BLAIR ROAD e WOODBRIDGE, NEW JERSEY 07095 e (201) 574-3674 
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This index and reader service numbers 
are a service to readers. Every effort is 
made to maintain its accuracy, but 
Power cannot assume responsibility 
for errors or omissions. 


CLASSIFIED ADVERTISING... 129 
F. J. Eberle, Manager 
(212) 997-2556 


Send all Classified advertisements and 
box number replies to: Power, P. O. 
Box 900, New York, NY 10020. 


Power 


ADVERTISING SALES. STAFF 
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By the Editors of GUIDEBOOK Magazine 


Reader 
information 
center 


FILL IN ALL 
INFORMATION FOR 
PROMPT HANDLING 
OF REQUESTS 

The cards at the right may 


соч © (л > оо м سم‎ 


be used to order additional NAME TITLE 
information about any COMPANY 
product advertised or AL 1S 
described editorially in this сз. с. l 
issue. CITY | STATE ZIP 
Helpful hints for better | | 
service: POWER acts as an PLEASE Reason for Inquiries Primary Employment Area 
intermediary in this reader CIRCLE a. Considering purchase c. Process Industry e. Consultant 
b. Information, reference d. Manufacturing f. Other: 


service section. We will 
process your inquiry © 
making a copy of your 
name and address for each 
manufacturer from whom 
you request information. 
POWER does not keep 
copies of the literature. If 
you do not receive what 
you need, please contact 
the manufacturer directly. 
BUT... 

The cards are processed 
by a computer service. 
Cards must be completely 
filled out and legible; if any 
information is missing, the 
cards cannot be processed. 
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Please print or type, or at NAME TITLE 
least write clearly. The COMPANY 
information must be ee ee ee оаа 
transcribed by people who CONFISI ANE >. ислн idibus iu ue mi sabemos 
are not necessarily familiar CITY . STATE ZIP 
with your name or your 
company. PLEASE Reason for Inquiries Primary Employment Area 
CIRCLE a. Considering purchase c. Process Industry e. Consultant 
b. Information, reference. d. Manufacturing f. Other: 
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Permit No. 217 
Clinton, lowa 
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POWER 
SPECIAL 
REPORTS 


These are just a few of the special 
Reports available from POWER. For 
the “1980 Power Reprint Catalog", 

a complete listing with prices, circle 
Reader Service No. 636 on reverse 
side. (Be sure to include YOUR 
ADDRESS). For more information call 
212-997-6794 


INDUSTRIAL BOILERS, 
2 Parts 


BUSINESS REPLY MAIL 


No postage stamp necessary if mailed in the 
United States | 


POSTAGE WILL BE PAID BY 


ENERGY SYSTEMS GUIDEBOOK 


Inquiry Service 
P.O. Box 2784 
Clinton, lowa 52732 


Part 1 touches base with the options 
available in burner and 
steam-generator design for top 
combustion, explores retrofit choices 
to expand firing capability and 
upgrade reliability. Second part 
focuses on applications for alternative 
sources which will be playing a role 

in tomorrow's energy and 
environmental scenes. $6.00 


COMPRESS-AIR 
AUXILIARY 


This report describes the contribution 
of ancillary equipment to 
energy-efficient systems designed to 
provide compressed air, balancing 

air quality needs, operation costs and 
reliability. It analyzes factors involved 
in design decision. $2.50 


WATER-POLLUTION 
CONTROL 


cm TS mam жшн: сю QUMNCO инә OS EN EE GS RO GLINNG mana EE OD GE CNET OO ES SUCUS GRECO GED Gro 


ә LESS SSS RUM UNCO SS азе. писи SS SCUM UNO COND NNUS ш= нз CIAM асла озо ала панз «шшс жаш RUM UMS COND алев CURT ee БЕШТ USES юла ee TUNES сана CDD SAU и на GS GE 


FIRST CLASS 
Permit No. 217 


BUSINESS REPLY MAIL Clinton, lowa 


No postage stamp necessary if mailed in the 
United States 


POSTAGE WILL BE PAID BY 
ENERGY SYSTEMS GUIDEBOOK 


Inquiry Service 
P.O. Box 2784 
Clinton, lowa 52732 


Analyzes emission guidelines, wastes 
resulting from steam generation, and 
treatment equipment available for 
removal of impurities, volume 
reduction and solidification. $2.50 


VALVE ACTUATORS 


This special report on manual, 
diaphragm, piston, electric and 
electrohydraulic units covering design, 
applications, capabilities, limitations, 
reliability — Special attention is given 
to fail-safe operating mode, nuclear 
seismicity needs. $3.25 


IN-PLANT GENERATION 


Through discussion showing whats 
available in systems and equipment, 
and what should be considered in 
deciding for your plant. Reviews heat 
recovery, adaptation to plant needs, 
fuels and environment. $3.00 


POWER FROM COAL 


A three-part refresher and update for 
the utility, plant or fuels engineers: - 
(1) Coal Characteristics, selection and 
handling; (2) combustion 
fundamentals, crushers, stokers, 
ash-handling; (3) calculating 
combustion efficiency, controlling 
combustion and pollution. 64-page 
report in single binding. $7.00 
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Clinton, lowa 52732 


„ Cogeneration — — 
IS one way to save 
your plant energy costs. 


When contracted to design and build a larger and more 
efficient energy system for a planned plant expansion, The 
Energy Engineers 9 were able to rely on 84 years of experience 
in industrial power. We designed and constructed a compact, 
combined-cycle, turn-key facility that consisted of: 


e Tandem gas turbines rated at 61,300 kw each, driving hydrogen- 
cooled generators rated at 86,000 KVA, with turbines exhausting 
into... 

e Heat recovery steam generators (675,000 Ib/hr at 1,250 psig and 
955° F total temperature), capable of auxiliary or fresh air firing 
of natural gas, hydrogen, or #6 fuel oil to provide steam to drive . . . 

e A steam turbine and hydrogen cooled generator rated at 67,200 
KVA with extraction and exhaust steam available for process use. 


e Provision is also made to produce process steam from the heat 


recovery generator. 

e A computer console control provides an extra measure of safety 
through the centralized monitoring and regulation of every phase 
of operation. 


Our capabilities and services encompass a complete range 
from feasibility studies to preliminary planning, specification 
and selection of equipment, detailed engineering, CPM pro- 
ject scheduling, quality assurance, procurement and expedit- 
ing, cost control, project management, and complete design 


$ 


and construction services. These include waste heat, oil, gas, 
and steam turbine generators, combined-cycle plants, boiler 
fuel conversions, feed water treatment, air and water pollu- 
tion abatement facilities, and related projects. We also offer 
complete engineering services for energy audits, maintenance 
programs, fuel and energy studies, environmental impact. 
studies, etc. 

If your company is considering any type of industrial power 
project—an energy study, a fuel conversion project, or cogen- 
eration—contact The Energy Engineers 9 early in the planning 
stages or send fora copy of our brochure, "Industrial Power.” 
There's no obligation, of course. Give us a call at (318) 388- 
1530 or write P.O. Box 1762 Monroe, La. 71201. | 
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The energy engineers? 


Engineering and Construction Divisions 


Monroe, La. 71201 
(318) 388-1530 


New York 10004 
(212) 344-3200 


Dallas 75238 
(214) 278-8121 


Salt Lake City 84108 
(801) 583-3773 


Ап open chilled-water spray type air system was 
hailed as a real breakthrough in cooling The 
Philadelphia Saving Fund Society building in 1932. 


A pilot chilled water Aerofin Coil bank replaced an 
open spray unit in 1976. Signs of Success! It bred 
five added systems—then, another five in 1977/78 
featuring 28 Type R Aerofin chilled water coils. 


| Type R 
ARI rated chilled water coil, with removable 
end cover plates for complete draining/easy 
cleaning of tubes. 
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Aerofin Coils — — 


Robert C. Burns Associates, consulting engineers, 
designed the coil banks, and Ernest O. Menold, - 
Inc. was the mechanical contractor. The Aerofin _ 
retrofit payoff: Energy efficiency and improved _ 
performance. Put Aerofin energy management to 
work for you. Ask for Brochure 6-77. : 


PSF'S was the first air conditioned major office 
building on the East coast. It is now on the 
National Register of Historic Buildings. 


Aerofin is sold only by nationally advertised fan manufacturers. Ask for list. 


AEROFIN OFFICES: Atlanta / Boston / Chicago / Cleveland / Dallas / Los Angeles / New 
York / Philadeiphia / San Francisco / Toronto / Montreal / Mexico D.F. / Geneva, Switzerland 
AEROFIN CORPORATION (CANADA) LTD. Gananoque, Ontario 


